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MEDICALSURVEYOFTHEPEOPLEOF RONGEIAPAND UTIRIKISLANDS
THIRTEEN,FOURTEEN,AND FIFTEENYEARSAFTEREXPOSURETO FALLOUTRADIATION

(MARCH1967,MARCH1968,AND MARCH1969)

Introduction

This report presents in detail the results of med-

ical surveys carried out during the past 3 years

(March 1967, 1968, and 1969) on the people of

Rongelap and Utirik AtoHs who had been exposed

to fallout radiation in March 1954. Eariier find-

ings are also reviewed. The last detailed report

(BNL 50029)11 covered the surveys of March

1965 and 1966, 11 and 12 yearn after the accident.

In view of the seriousness of recent findings re-

garding development of thyroid abnormalities,

continuation of annual medical examinations

and publication of detailed reports is considered

important. -

These people had been accidendy exposed to

fallout radiation following a detonation of a high

yield thermonuclear device during experiments at

Bikini in the Pacific Proving Grounds in March

1954. An unpredicted shift in winds caused a dep-

mition of significant amounts of fallout on four

inhabited Marshall Islands to the east of Bikini

(see Figure 1) and also on 23 Japanese fishermen

aboard their fishing vessel, the Lucky Dragon. Of

the inhabitants of the island of Rongelap, 105

nautical miles away from the detonation, 64 re-

ceived the largest fallout exposure: an estimated

dose of 175 rads of whole-body gamma radiation,

contamination of the skin sufficient to result in

beta burns, and slight internal absorption of ra-

dioactive materials through inhalation and inges-
.
9 Cl.’

tion. Another 18 Rongelap people away on a near-

by island (Ailingnae), where less fallout occurred,
~

KwAJALSIN

received only an external gamma dose of about

69 rads. There were 28 American servicemen on

the island of Rongerik further to the east who re-

ceived about the same amount of radiation as did

the Rongelap people on Ailingnae. Lastly, 157

Marshallese on Utirik Island, about 200 miles

further east, received an estimated 14 rads of Figure 1. Map of fallout area,
whole-body radiation. The fallout was not visible Marshall Islands, March 1, 1954.

on this island and no skin effects developed. These

data are summarized in Table 1.

The exposed people were evacuated from these

islands by plane and ship about 2 days after the

accident and taken to Kwajalein Naval Base

about 150 miles to the south, where they received

extensive examinations for the following 3 months.

During this period vigorous efforts were necessary

to decontaminate the skin completely.

In view of the generally negative findings on

the American servicemen ney were later returned

to their duty stations. ; .ie Utirik people were

also allowed to return to their home island, where

radioactive contamination was slight enough to

allow safe habitation. Because Rongelap Atoll was

considered to be too highly contaminated, a tem-

porary village was constructed for the Rongelap

people (including the 18 from Ailingae) on Maj uro

Atoll several hundred miles to the south, where

they lived for the following 3% years and were ex-

amined at yearly intervals by a special medical

Soor --z~r. . .--,-

---- .-

NGELAP-------

Q
M&JUF!Ob.
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Table \

Summary of Fallout Effects

Esumated gamma
Group* Composition Fallout observed dose, rads Extent of skin lesions

Rongelap 64 \fat-shaUese Heavy (snowlike) 175 Extensive
.Ailinqnae 18 Marshallese ktoderate ( mistlike) 69 Less extensive
Rongerik 28 Americans Moderate (mistlike) 78 Slight
Utirik 157 Marshallese .Yone 14 NO skin lesions or epiiation

●.Also exposed were 23 Japanese fishermen who received a sublethal dose.

Table 2

Marshal]ese Populations Examined Since 1954

Original number .Number Frequencv Subject

Group in group living ~1969) of exams Ncls

Exposed

Rongelapa 67 56 .Annual 1-86 .

.~iiingnaeb 19 14 Annual 1-86

Ctirik 157 127 3-4 vean 2101-2257

Unexposed

Rongelap . 99 180c Annual since 1957 801-1104

1500-1540

Rita 57 1955-1956 1000-1082

.Maj uro 115 1954 only 700-800

Children Conceived .Wter the Fallout

Of exposed parent(s) 89 .%nual 87-181

Of unexposed parents 110 Annual 801-1104

1500-1540

a[ncludes 3 m utero children.

bInchsdes 1 m utero child.

cIndividuals have been added since 1957 when tf-siigroup was first available.

team. In July 1957, after careful evaluation of

radioactive contamination, Rongelap Island was

considered safe for habitation. A new village was

constructed, and the Rongelap people were moved

there by Navy ship. (See frontispiece.)

The annual surveys are carried out at Rongelap

and also at Kwajalein and Majuro Atolls, where

a number of Rongelap and Utirik people now

reside. Examinations on Utirik Atoll are carried

out about once every 3 years.

A group of more than 100 Rongelap people,

who were relatives of the exposed people but had

been away from the island at the time of the ac-

cident, moved back with the exposed people to

their home island and have served as an ideal

comparison population for the studies. The num-

ber has since increased to >200.

Since the accumulation of data from these sur-

veys is becoming increasingly voluminous, survey

reports published by this Laboratory are made as

complete as possible and include a considerable

amount of raw data, much of it in appendices, so

that others may have acceas to complete data.

A summary of early and late findings covering

the entire 15-year period is presented at the end

of this report.
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Reports have been published on the medical

findings of surveys made at the following times

after exposure: initial examination, 16 months,z

1 year,s 2 yeam,4 3 years,s 4 years,e 5 and 6 years,7

7 years,s 8 years,g 9 and 10 years,l” and 11 and

12 years. 11A more complete list of reports, includ-

ing outside publications, on the results of medical

surveys of the Mamhallese exposed to fallout, and

including a section on some of the radiation eco-

logical studies of these islands published largely

by the University of Washington group, appears

in BNL 50029.11

BACKGROUND

Several difficulties were encountered in carry-

ing out the examinations. The language barrier

was one, since very few of the Marshallese speak

English, but usuall~ some Marshallese were avail-

able who spoke enough English to serve as inter-

preters when necessary. The lack of vital statistics

and demographic data on the Marshallese imposes

serious limitations in interpretation and evalua-

tion of the medical data. Trust Territory officials

are attempting to improve registration of such

data. The uncertainty on the part of many of the

Mamhallae-as to their own ages is a problem, es-

pecially in the growth and development studies

among the children and in the aging studies.

During the first 2 years two separate groups of

Marshallese people were used for comparison pur-

poses, but they were unstable, with a large attri-

tion rate. At the time of the 3-year survey the

Rongelap population at Majuro Atoll was found

to have doubled during the preceding 12 months

because of the influx of relatives who had come

back from other islands to live with their own

people. Those people had been away from

Rongelap at the time of the accident and there-

fore were unexposed. The group matched reason-

ably well with the exposed group for age and sex.

This group has gradually increased and is now

more than twice the size of the exposed group.

Table 2 shows the various Marshallese populations

that have been examined since 1954.

ORGANIZATION OF THE 1967-69 SURVEYS

In 1967 and 1969 complete surveys were made

of all of the comparison population as well as

the exposed people. In 1968 only the exposed

group was examined, in line with our policy of

doing a complete survey only in alternate years.

In 1969 the Utirik population was also examined,

for the first time since 1966. The physicians and

technicians participating in the different surveys

are listed on the title page and are shown in Figure

2. These included, in addition to those from the

United States, a sizable number of Micronesia

medical personnel. The examinations were carried

out at Majuro, Ebeye, and Rongelap, since a

number of Roneglap people drift back and forth

between these three islands, and at Utirik (see

Table 3). The medical teams traveled to Kwajalein

in the Marshalls by commercial plane and from

there to the various islands by Micronesia cargo

ship (Figure 3). Most of the supplies and medical

equipment had to be carried with the team except

for a considerable amount of permanent equip-

ment, including two examination trailers, estab-

lished at Rongelap. Table 4 shows the numbers of

people examined during the 1967-1969 surveys.

Findings

GENERAI. MEDICAL STATUS

During the past 3 years some improvement has

been noted in the general health of the Rongelap

people. This may be partly due to general im-

provement in sanitation and hygenic measures.

Garbage disposal appears to have reduced the fly

population, and children are using the outhouses

rather than the beach for defecation. The people

have more money to purchase such items as kero-

sene refrigerators, automatic washing machines,

and new plastic water cisterns. Gastronenteritis

and respiratory infmtions were still fairly frequent,

but skin lesions due to fungus and impetigo ap-

peared somewhat reduced. Fish poisoning still

occurs sporadically among families who happen

to eat a poisonous fish and will probably continue

to do so, since the poisonous fish are very difficult

to identify and may shift from one species to

another’ at times. A rather serious epidemic of

Hong Kong influenza occurred among the Ronge-

lap people in 1968 and may have been responsible

for the deaths of a 58-year-old exposed woman

and of an unexposed boy who died of meningitis

complicating the influenza. In June 1968 a few

cases of infectious hepatitis occurred, and also

a mild measles outbreak among the younger chil-

dren. In August 1968 four patients were brought



Figure 2. \ledical teams: upper, 1967: middle, 1968; lower, 1969.



Table 3

Present Known Location of Rongelap and Utirik People L’nder Study

Rongelap and
Ailingnae exposed* Rongelap unexposed Utirik expmed

Children
Adults Children of exposed Adults Children Adults Children

(age > 19) (age 15-19) parent(s) (age > 19) (age < 19) (age > 19) (age 15-19) Total

Nlajuro -3 3 6 29 13 12 9 75

Ebeve 19 8 43 40 52 15 5 182
Rongelap 26 4 37 47 70 0 0 184
LTtirik o 0 0 0 0 68 12 80
Other atolls 5 ~ 3 19 20 5 1 54

Totaf 53 17 89 135 155 100 27
.-.
3 /’3

*Includes 4 children exposed m utcro.

Table 4

Rongelap and Utirik Popsdations Examined,* 1967-1969

Rongelap
Rongelap Ailingnae Utirik unexposed

Age 1967 1968 1969 1967 1968 1969 1969 1967 1969

13, 15-20 16 12 13 4 3 2 21 32 24
21-30 9 11 12 3 3 4 23 15 14.
31-40 9 10 9 — 9 23 24
41-50 7 4 6 1 1 1 14 14 15
51-60 5 6 7 3 3 2 15 7 8
61-70 3 3 3 1 1 I 4 13 7

>70 1 1 2 1 6 i

Children of Rongelap Children of Rongelap
exposed parent(s) unexposed parents

1967 1968 1969 1967 1969

<13, 15 68 4 81 70 94

*A few cases did not have complete examinations.
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Table 5
----- ~-’ .. -&.x +-. --

-----
.-

. %?. - “: “’ ;“ .:. .g,,”~” *’, ~

Mortality,1954-1969, bV &i-as of ~~ = “ ~’:- ..- ,,-~~-**,. “. ...
-.

“Group ‘“
-- -

Age: <lo 11-20 21-30 31-40 4&50 51-60 61-70. -. _%-8& >&3 Total

Rongelap (175 ra&) & ,- 0/19” 1//13 0,/10 0/5 *P ~“ 3/5 ~,, ~@# #’”*1
lld

Ailingnae (69 rads) 0/6 0/1 0/1 1/5 1}1--- 0/I

%

3/1 “+ — 5;18
Utirik (14 rads) 1/56 0/20 3/15 1/20 5/18 9/13 8/11 3/ “- — 30/157
Unexposed”” : +. O/5& 1/28 0/30 2/18 4@ 3/17 4/17& 1/1= %1/1 16/189

-i < . .

● MortaIity/num@r in group-
. *

**l%& group was not examinkd until.~53 and ipdudes OCC4SIS 1 new subjects examined @&h%&fiubject 1511).

*’”.,:. Table.6

“s

.& -,,.
. .- ~+.:. ,-= .4ddt Mo@~ ., ~ ~ - . .- .,:

m. * ._.-
Exposed L’nexposed

Subject Age Subject .Age
Year Yo. & sex Probable cause l’ear No. & sex Probable cause

1956
1957
1958
1959
1962
1962
1962
1962
1963
1963
1964
1965
1966
1966

24 46 M
38 78 M
31* 35 M
62 60F
30 60F
46 84 M
26 21 M
56 75 F
52. 55 F
57 107 F
43’ 77 F
28” 79 F
29* 77 M
55 88 M
13 71 F
59* 58 F

Heart disease
Heart disease, &labetes
.4cute varicella
Ovarian cancer
Cancer of cervix**
Hean dk.ease
,4ccident
Accident
Poliomyelitis, bulbar
“Old age” (?)
Pneumonia, heart disease
Heart disease
Asthma, heart failure
Heart disease
Cancer of uterus**
Influenza-pneumonia

1958 857 65 M
1959 854 55 F
1960 933 56 M
1%0 927 65 M
1960 861 68 F
1962 953 48 M
1962 848 41 F
1963 886 54 M
1964 893 61 F
1964 862-’” 9PM
1964 894 = , 68 F
1966 --964 915M,.
1967 967 24M”
1967 936- 76 F
1967 853 62 M
1968 860 78 M

Cerebral thrombosis
Infection in urinary tract, diabetes
Pneumonia, secondary to influesua
Pneumonia, secondary to influenza
Diabetea, cancer of cervix (?)
Status asthmatics
Neurosyphilis (?)
Asthma (?)
Diabetes

+Ieart disease
Pneumonia
Probably CiUdiiWCUkiT (?)

Accident
In&tien complicating diabetea
Diabetes
Congutive heart failure

.-
●.4ilingnae group. . . ~. ,. .

● ● Not confimed by autopsv or ~lopsy. .* : ., ----?...- . ..-.-

to the United States for extensive thyroid studies

at Brookhaven National Laboratory and later

surgery in Boston. In 1969 five further cases were

brought over for thyroid studies and surgery in

Cleveland.

The deaths during the past 3 years are included

in Tables 5 and 6. Three exposed people died. The

58-year-old woman (7%59) referred to above, who

died of pneumonia complicating influenza, had

had a partial thyroidectomy for benign thyroid

adenoma the previous year. Another death, that

of a 71- year-old woman ( # 13), was thought to be

due to cancer of the uterus, and an 88-year-old

man ( x55) died of cardiovascular disease with

heart failure. Among the unexposed population

three older men died, one with diabetes ( #853),

failure ( #t860) $Us51& fdfi”%R-

shall Islands-as a whole (1960).

Table 7 lists the births and miscarriages during

the last 3 years for both populations. The 33 births

during the 3-year period in the exposed group,

compared with 30 in the unexposed group, are in

line with the birth rate in previous years and show

no impairment of fertility in the exposed women.
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Table 7

Births and Fetal Death.+ by Year

Children % Pregnancies
terminating

Year Women age& 15-45 Total pregnancies ~lve births M F Miscarriages in miscarriage

1954C
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

19
20
20
21
22
22
24
23
24
27
26
30
30
30
33

29
30
30
29
29

“29
30
32
32
32
32
38
46

1
6
6
5

14
6

10
7
4
8
6
6

10
9

14

9
11
9

10
10
10
6
6

13
10

7
9

14

El?!?@!
o

:
2
8
5
9
6
Ad

7
6
6

10
8

1y

unexposed

7
9
8
9
8

10
5
5

11
8
6
8

13

0
4
0
2
4
2
3
2
1
3
1
3
7
3

10

6
4
5
4
5
9
4
2
8
6
4
4
9

0
1

4
0
4
3
4
4
3
4
5
3
3
5
2

1
5
3
5
3
1
1
3
3
2
2
4
4

1
1
2
3
6
1
1
I
1
1
0
0
0

;

2
2
1
1
2
0
1
1
2
2
1
ld

1

100
17
33
60
43
17
10
0

25
12

0
0
0

11
21

22
18
11
10
20

0

17

17

15
20
14
11

7

aIncludes stillbirths and neonatal deaths. cIncludes only children conceived after March 1, 1954.
bIncludes nonexposed females married to exposed males. dIncludes twins.

The occurrence of 4 miscarriages or stillbirths in

each of the two groups also conforms with the

incidence in recent years, the exposed women

showing no greater incidence than the unexposed

women.

Utirik

Vital statistics over the 3-year period for the

population at Utirik were not reliable since the

Health Aide had left the island the previous year

and taken the records. Apparently no unusual

epidemics occurred among the island people, and

they escaped the Hong Kong flu, At least 6 deaths

occurred during the past 3 years, but the causes

could not be definitely ascertained. Of the original

157 people on Utirik at the time of exposure,

127 are now living. In addition some 100 Utirik

people live on the island who were not exposed to

fallout but moved back later. Quite a few Utirik

people now live on Ebeye and Majuro (see Table

3). Seven births were reported for the 3 years but

probably more had occurred. The general health

status of the Utirik people and the sanitary condi-

tions of the ‘island appeared to be about the same

as 3 years before.

PHYSICAL EXAMINATIONS - CHILDREN

Pediatric examinations were conducted on the

Marshallese subjects under the chronological age

of 20 years with the exception of adolescent girls

who were pregnant or who had had babies. The
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Figure 6. Children participating in games at time of feaat.

studies consisted of a brief interval history, routine

physical examination, roentgenograms of the left

hand and wrist, and body measurements. In 1967

and 1969, all children in the exposed and control

categories as well as children born to exposed and

unexposed parents were examined. In 1968, only

the chiidren in the Rongelap and Ailingnae ex-

posed groups were seen. In 1969, Utirik exposed

persons under 20 years of age were included. During

these examinations, special attention was directed

to the palpatory findings in the thyroid glands.

The significant findings for each of the three

years are summarized in Table 8. Thyroid-related

abnormalities are discussed in a subsequent sec-

tion of this report. The pattern and intensity of

the recorded abnormalities reflected primarily the

expected fluctuations related to such factors as

age, weather, habits, activities, community health

problems, and normal developmental variations.

With the exception of thyroid lesions and growth

retardation, no correlation between pediatric find-

ings and exposure to fallout radiation could be

suggested.

The data on physical growth of children (mea-

sured primarily in terms of stature and body

weight) examined in 1965, 1966, 1967, 1968, and

1969 are tabulated in Appendix 1. Growth data

from prior examinations have already been pub-

lished. 10 Statistical analyses have been done on

the data obtained through 1967. The results

showed no marked deviations from the trends noted

previously .lZ-lA Comparison of median statures

and weights by age showed no statistically signifi-

cant differences between the exposed and control

groups for either boys (Figures 7 and 8) or girls

(Figures 9 and 10). However, separate analysis of

the group of children under 6 years of age at time

of exposure to fallout radiation shows a significant

retardation in statural growth persisting among

the boys (Figure 11) but not among the girls (Fig-

ure 12). The growth curves for stature and body

weight of children born to expsed parent(s) showed

no significant difference from those of children

born to unexposed parents (Figures 13 and 14).

The analysis of skeletal age data through 1967

also showed no statistically significant difference

between the exposed and control groups of chil-

dren (Figures 15 and 16). Skeletal ages were

estimated from roentgenograms of the left hand

and wrist by the technique of Greulich and Pyle. 15



Table 8

Physical Findings, Pediatric Examination
[See Table 13 for thyroid normalities)

Control

Expmed Nonexposed,
Born before Born after born of

Rongelap 1 Jan 1955 1 Jan 1955 exposed parent(s)

Utirik
1967 1968 1969 1969 1967 1969 1967 1969 1967 1969

Number examined

Blood pressures taken

Hypertension

Keloids

Active skin infection
Molluscum

Tkrea versicolor
Vitiligo

Warts

Papilloma

Caf&au-lait spots
Folliculosis

Otitis media
Respiratory infection
Hypertrophic tonsils

Dental caries

Cheilosis

Conjunctivitis

Thrush

ChickenPox
Adenopathy .

Palpable liver

Palpable spleen

Umbilical hernia
Systolic murmur

Anisocoria
Pes excavatus
Wrist deformity

Club foot

Dwarfism

Polio residual

[9

16

1

1

1

1

2
1

4

6
1

2

1

6

15

—

1
1
1

1
—

2

1

—

6

—

16

15

3

3

1

1

2
3

2

3
—

1

25 29

25 27

1

1 3

1 4
— 1

1
—
—

3 9
7

7 4

3 4
1

3 16

1
— 1

18

18

2

5
3
6

2

1

3

6

66

36

11
3

4

9
11

7

16

1

1

6
1

2

43

82 67

43 30

25 13

9
1

1

3 4

2

1
3 8
7 16

20 4
20 21

1 1

1

1

7 5
2 6
1 3
6

34 34

1

1
1

77

39

22
4

3
1

5
—

1

5
8

17
19 .

4

8
~

1

26
—

1

1

The lines on Figures 15 and 16 represent the best

fitting linear relationships plotted by the least-

squares method. The points representing the

markedly growth-retarded boys and showing their

arly response to thyroid hormone administration

can be recognized by comparison with Figures 31

to 33. The graphs continue to indicate that in the

Marshallese children the skeletal age values at

comparable chronological ages are lower (by

about 6 to 12 months) than the norms for Ameri-

can children presented by Greulich and Pyle. Is

The interpretation of growth data from the ex-

posed Rongelap children has been complicated by

partial or total thyroidectomies in those children

developing nodules (see Thyroid Findings, below)

and by the administration of thyroid hormone to

the whole exposed Rongelap population since Sep-

tember 1965. The response of certain individual

hypothyroid children to thyroid hormone is readily

seen in the growth curves (Figures 31 and 32).

The increase in yearly growth rate in males ex-

posed at <5 years of age is significantly greater

after thyroid treatment ( p <0.05) than in unex-

posed males of comparable age during the same pe-

riod (based on an an+is of variancx using weighted

squares of means of yearly growth increments).

In order to probe the feasibility of conducting

psychometric tests, the IPAT (Institute of Per-

sonality and Ability Testing) Culture Fair Intel-

ligence Test, Scale 2, Form AIG was given in 1969

to a group of Marshallese subjects on Rongelap

Island and to another group on Ebeye Island. This

particular test is designed to be comparatively im-

mune to “contamination by accidents of social,

educational, and racial background,”17 and has been

used before in several groups of Micronesia ns.la
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The procedures were discussed beforehand with

the Peace Corps personnel supervising educational

activities on each island, and they explained the

techniques and objectives to Marshallese teachers

who actually conducted the tests. The tests were

given in the regular classrooms, and prescribed

time limits were used.

The test results are recorded as raw scores in

Appendix 2. The small numbers precluded any

statistical analyses of these results, but it is apparent

that the Ebeye group consistently scored con-

siderably higher than the Rongelap group and

that the scores for both groups fell far below those

I 80 1,
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recorded as “norms” in the manual. Observations

during the testing indicated that, at Rongelap,

neither the Marshallese teacher nor the subjects

were very ,familiar with written examinations,

Motivation was poor and understanding 0[ [he

tests seemed marginal. The situation seemed

better at Ebeye (Kwajalein Atoll), where morr

formal school classes are held. The exigencies of a

field operation precluded improvement of test con-

ditions that would have permitted a more leisure IV

and better understood examination. Under the

circumstances, no quantitative interpretation of

these test results seems justifiable.



Table 9

Phvsical Find@ in Rongelap and Utirik .Adult-s. 1967-69

Ronqelap exposed Rongelap unexposed Utirik exposed
[49 examined) (77 examined) (71 examined\

Subject ?Jos. ?0 Subject Nos. % Subject Nos. ‘C

.Anemia —

.Aphakia

.bteriosclerosis ~mild)

11,70

38, 68, 80
4.7,41,58,63.78, 79

-1.1 835, 843, 865

6.1

14.2 884.1515

3.9 2’25+

~.f5 ~l14,~139,21qo.

2161.2’200,

2212, 2221.

2224
13.0 2110,2169, 2211,

2244, 2258

Arteriosclerosis
(moderate to severe)

1, 11, 16,60,68.80,82 14.2 856,859,878.889,

908,915,929,
947, 961, 975

844,916
2.0 858,948
4.1

Asthma
Atria] fibrillation
Brad ycardia

2.6 2200
2.680

27 (with hypertension)

80 (with atrial fibrillation)
60, 76Cardiac enlargement 4.1 858,859,917, 947,

948
30.6 823, 829,832, 846,

867,914,916,
932,938,956,
959, 1001, 1505,
1520

18.4 852

7,8

Cervical erosion
or laceration

1, 12, 15, 24, 39,45,49, 58,
61, 63,64, 71, 72, 74, 78

18.1 2139, 2149, 2162,
2194, 2208,
2246

Cystouret hro-rectoccle 1, 14, 18, 34, 45, 49,63,

64, 78

1,60
27?, AI

1.3

Deafness
Diabetes mellitus

4.1 858,878,884

4.1 852,855, 898,915,
918,956, 1041,

1042

875

948, 1517
12.2 856, 859,885, 898,

899,908,947,

948,982

3.9

10.4

Epilepsy

Hernia
Hypertension (> 140/90)

1.3

2.6 2109, 2169
11.7 2128, 2140, 2158,

2169,2193,
21.94, 2200,

2208, 2215,
2216,2221,

2252, 2258

1,4,11,58,60,77

Leprosy, arrested

Obesity

77

1,49,60,61,64,67,71,
74, 78

2.0

18.4 849,815,859,880,

881,898,934,

942,943,951,
959,970,982,

1005, 1050

858,859,878,884,
896,898,915,

922,928,935,

947, 9pl

19.4 2107,2128,2158,

2189, 2195.

2196,2215,

2224,2246

Osteoarthritis 60,79 4.1 15.6 2161, 2169 .!n

14

Primary fibrous d~plasia
Proatatic hypertrophy

Proteinuria ( >100 mg)

Rheumatic heart disease

Rheumatoid arthritis

Spermatocele

Syphilis(?), arrested

Tumor benign
(except thyroid)

34,58,63,64,78

68,82

10.2

4.1

2.0

2.0

2.0
4.1

8.2

915

855, 1526

1.3 2211

2.6
76

68
4

11,59

11 (knee)

14 (epidermoid cyst)

63 (giant tumor, finger)
70 (neurofibroma, neck)

13 (uterus)
24,39,40, 74
40,41, 76

846,859,864,880 5.2

2140 (r. ankle) -) t)

2208 (rime, abdomen )

2212 (forearm)
2z52 (Ch=t)

2.0
8.2
6.1 918, 948 2.6

Tumor malignant

U.R.I.
Varicocele
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PHYSICAL EXAMINATIONS - ADULTS

The positive clinical findings in adult Rongelap

and Utirik people are listed in Table 9. The gen-

eral health status and incidence of physical ab~

normalities of the exposed Rongelap people was

about the same as of the unexposed people on the

*

island except thyroid abnormalities, which are

described tely below. The varying fre-

quencies re d Fgom year to year on such ab-

normalities as prostatic hypertrophy, cervicitis,

and arteriosclerosis probably reflect to some extent

differences in clinical evaluation among the ex-

amfning physicians. During the past 3 years, skin

lesions appeared to be less prevalent, perhaps be-

cause of better hygienic conditions (the importarq

of daily baths with soap and water has been

stressed). Special ophthalmological examinations

were carried out in 1967 and slit-lamp observations

for enumeration of subcapsular flecks of the lens in

1969. These findings are described separately below.

As part of the cancer survey, x rays of the chest

were taken every 2 years (half the group in alternate

years) on both exposed and unexposed Rongelap

people. The roentenograms showed about equal

incidence of cardiovascular findittga%n the two

groups. Two ~ +th inactive tuberculous pul-

monary le&ot#we~ noted, but no evidence of pri-

F

mary or tatic pulmonary m@nant lesions

was seen.’ *anic

?!& .T

‘“ u smeara we= t&

the vagkafregion 1women ~tr+&ed.. vi-

olence oi?lnffammatory reactions and in fec~ons

P. J

:.
. .

-* ...,..

atrophy. and ~igm~n-t cha~. The-lesions have

exhibited Iittk or no c-e during the p- sev-

eral years. No further increase haa bee&&en

recently in benign mo@%hich &e not~+wveral

years ago in areas of the neck that had-sustained

“beta burns.” NO evidence of any malignant skin

changes have been-seen.

OPHTHALMOLOGl~ FINDINGS, T967 SURVEY

@hthalmological examinations wer[carried

ot.tt* in 1967 on 63 exposed people, 62 childrert of

. ~ed parents, and 185 people in the comPari-
sort population, a total of 310 (see Table 10),

AS noted in previous surveys, as compared with

%

erican populations there was an increased

ence of l~ge ccum+ and enlarged, tortui,

an bizzare-#%t&- retinal vessels, and a lower

incidence of myopia, strabismus, am blvopia eso-

phoria, retinitis pigmentosa, and congenital

glaucoma.

The incidence ofarcus senilis is higher in the”

Marshallese than in similar age groups in the

United States, which is in keeping with the gen-

eral observation that the Marshallese age faster

than Caucasians. The inc@ence was higher in the

exposed group (3O’%O)th&”in the unexposed group

( 137.); however, on & basis of previous studies.

the difference is probably not significant.’

Ait&wgh diabetes mellitus has~ m@cratcly

~ high itk~c&t= in the Mamhaliese,@y one case
~ oFdfiibkw retinopathy was noted. This is in keep-

with trichomonas and bactet%

K

ing,with .* -ation that diabetes in themmmon.”--: . -,, .

Only one smear in an unexposed w Mat?hallese~ccum largely in o&ler individuals..

gestive of cancer of the uter~,: T~n ‘~=@~~I’~ ~ T~e hckk~ce of p“

x

culahd @rygium is

m

authorities in the Marshall Ma “:’ ‘ire &?iied -.’ high i?’the Marsha~” rids. The in i e e of

of this case. Except for cancer o ~yroid (de- %?pterygium was slighti~ higher in the xp sed

scribed below) ord y one case of ~er was noted group. .

during the 3 years,ina71 -year-old ex~d -woman Abn6Ymaliti= of the-crystalline lens, charac-

(# 13) who died with bleeding [&sC&genital terized belou-~~ ~ the ti~l~~nders

tract thought to be due to canc&~ Uterus. In than in simib.agc s

*

in the - “te’d States.

1968 one 34-year-old exposed Air’ ‘woman

!&

The abnorm_diti& ‘&dti ‘“ - ,

(# 70) was found to have a hard non-t+ tunior matic sheq”~c@n&@e

several eentirrkters in diameter la-l to the

~:*~*ig~@g;

. _d&grees, A

lower lefi lobe of the thyroid. She was @bught to “”’

the United States with several other JZkingelap

people who were to undergwthyr~++y. Sitr- the zone of%&c&+& % ri.--rnal C*S

gical removal of this ttiqsor rt%ealed a “hen-ign

neurofibroma. A numb~. of other bes#g@oft-

tissue tumors were noted during the exa%lnations. ;{!$=~Fs&i:5i!

Examination of residual “beta burns, ” present

in about 20 cases, showed only minimal scarring, ●By Dr. Austin Lowrev, a member of the 1967sumcv team
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Table 10

Ophthalmological Sumev, 1967

Children—
Exposed (63)* of exposed (62) Unexposed ( 185 I

No. ‘c No. qo No. ,-
C

Pmisocoria

Arcus senilis

.+rgyll Robertson pupil
Chalazion

Choroiditis (old. healed)
Conjunctivitis
Corneal scars

1,5

30

1.5
1 1.6

3
1 1.6 6
1 1.6 1

1.5
6.0
4.5

1.5
1.5

1

4
3
1
1

Corneal pigment
Drusen

Lens:

Polychromatic sheen

Right eye
Left eye

Lenticular opacities

Right eye
Left eye

Cataracts, senile

Right eye

Left eye
.4phakia -

Right eve

11
10

16.5
15

8
7

12

10.5
18

16

5
4

7.5

6
17

14

~
2
1
7

3
3
1.5

8.2

-1
1Left eye

Leprosy, eye signs of
Macular degeneration
IWystagmus

Pinguecula

Right eye

Left eye

3
1 1.6 1

5

4

7,5

6.0
13

13
Pterygium

Right eve
Left eve

Proptosis

Phthisis bulbi

Positive Rhomberg

13
13

1

19.5
19.5

1.5

1

9
1

1

1.5

13.5

1.5
1.5

Retinal arteriosclerosis
Retinal scars

18
3
.L
1

Retinal hemorrhage

Retinopathy, diabetic
Ocular muscle imbalance

Phorias

Esophorea
Exophorea 2 3 1 1.6 8

Tropias ‘

EsotroDia

Exotropia
Uveitis

1.5

16.5

1 1.6 1
~

23

2

Vkreous opacities

Difficulty with night vision

*.Wumber of people examined in each group.
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plaque, greenish and bluish

%

es w.we noted, o#l& lens” is of particidar &ttc&ii because ( 1) a

hence the name polychromatics een. Th~ lens ‘“.-~- kroad spiitt @ages was iitvoIy@, and (2) the high-

opacities are not comparable to the sub+a@dat==

flecks of the lens recorded in the 1969 @&q a%d

described below.

Whether the poly~hromatic sheew~ follow-

ing irradiation has a unique andspecific chara&er.

is still a debatable question. Some -investl@ators

contend that similar appearing changes can be

detected “in paticaats with r@titk p~ntosa sysd

$ll!!&

the early s~zges of catar~”, which m~. - ~.

complication ohdogenous ocular syaternic’

Such polychromatic. &eens were seen-”%&O% &

the unirradiated Rois@p group an-d #6%df the

l!!

exposed group. Again, the difference &tho o

be too small to reflect%adiation ex-@mre:. h

any degree of certainty, parictdarly & ~ - e.-

slightly greater number of older” pe#8 in the’e~-

posed group. Th&&ickncc of lentic@+p@ti@_-

%

was also slightly -in the exposed @up “ ‘:

in the unexpose&@up. .. : -

Corneal pigmentat$ot$noti!~ ia previous ex~

aminations, was noted %sonly-one case in the 1967

survey. This pigmentation was characterized by

a fine, dark, linear sheet of pigment lying close to

or on Bowman’s membrane in the horizontal axis,

between the lirnbus and pupillary edge. Possibly

these changes may have been iduced by beta

radiation from contaminated material which col-

lected on the margins of the eyelids at the time of

the fallout.

Several findings may be residuals of the 1963

poliomyelitis epidemic. There were two cases of

7th nerve weakness involving the eyelids and an

increase in the number of cases of esophoria and

eaotropia (ocular muscle imbalances) in post-

poliomyelitis cases.

In the 1967 survey it was gratifying to find only

one possible case of poor night vision attributable

to inadequate vitamin A intake. This indicated

“ “ ‘.t&Lregard to vitamin A (yel-

,:.;.-

EXfiM
,.3=%... -

Study of theMarai@ese “n&exposed to

Tradioactive fallout irr~~95Afpr.e ects within the

“Bv Dr. John L. Bateman, a member of the survey team.
““Research supported in part by Grant RH99, Divisiori of

Radioiogicai Health, Bureau of State Services, U .S. Pubiic Health
%-vice.

eat gamma ~re was sligh~y lessthan the low-

=t (radio#ierapeuti~qqmsure at which -Merriam

found an;off~ on the-lens.lg The 1967 lens e~

aminations @%te Matahai& hacl~ii~he

incidence &@d yc.h~snatic sh&n aid l~ticular

c@kcities t%%e slighdy higher in the exposed than

in the nonexposed’ jw@Stion. The Metences

were not thought ta~ significant,~d the Higher

mean age of th~ expt&d was pointe~ out (see

preceding sect.kiiit). ~=. ;; .*

The subj&t&e n&@ ufobservatio~-of &e lens..:.

usually made with the siit4amp microsc:~ argues

‘ for serial 8xas&pations with incr&ising h-e post. . .
~.~diagi~ be~ause s%ijt difl%rences between

&@@ one examination may become significant
wttfwrttultiple examinations. A further obvious

value to serial examinations is that of following the

time course of lens changes within and between

groups. (In a nonirradiated population, an ap-

proximate time course of lens changes may be “

derived by a single examination of ind~iduals

covering a broad span of ages. ) Assuming an in-

fluence of age, the status of an irradiated lens will

depend on three primary factors: (1) the radiation

characteristics (dose, quality, and dose rate), (2)

the age of the individual at exposure, and (3) the

interval between irradiation and examination. For

lens && at ~ age in~&@ ‘-. ~, “’ .

T& I&shallese exper]eniak””&g@&d anad~

qua$ittu~er of control indi~ida - ~ eiirt

P

broa&@bQf agt?s,a Iessty n~,_w$n “ .”

ex ””’ rack, aadAi$+&ia#*’-=’; ~: = -’A
.- ---

m

%s

.ec -

(d? . . ‘, rids). - “;, @i--

an@ai%~;’GF t&@Rf@-&?$@&& .-..: ..:4

the “ “ -z

--”*=

-4fxts &&&@@$&#.

r*!!l.e.1%
p!%-.” +- $:-* “$ ‘“. .+w --- >.= ‘ ‘-~

::~~m%?is
found in the posterior subcapsular region in the

lens of the mouse (see Figure 17), and which may

represent short defective portions of single lens

fibers (see Figure 18). These defects are present in
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nonexposed animals (increasing with age) but have

been found in significantly greater numbers in

mice exposed to even very low doses of radiation. ZO
.

Methods

Slit-lamp microscopic examination after iris

dilatation with tropicamide 0.5% (Mydriacyl) was

made of people within the several exposure groups

as follows: 175 rads (midline gamma dose in air),

41 persons; 70 rads, 10 persons; 14 ra& 15 per-

sons; nonexposed, 80 persons. The observer was

unaware of the group to which each individual be-

longed until after the examinations. First a brief

general inspection (at a magnification of 200 or

312 x ) was made of the cornea, aqueous humor,

lens, and anterior vitreous humor. Representative

photographs were taken, USU...,v”at 312x. Finally

counts were made of minute discrete opacities

(flecks) fall@&*. Z5---nkt~circ1e
projected into.the.* i%Ad&+*tw* “ .

Counts were-knadewitb+ - j “ “ ., . .

tion-w..ATiiiiig

subcapstilarre$+m ~- - ,,

one half lers#ti&. 1

flex as the n~w.&&rnp biXUXIw& s.weipt@&s

the countiug-& “’Ae@d traverae $ the f~us

2

duringcoun~ gavi * to the coufi~-a~,

effectively cr” ri&a&lirideg of?.$mm diameter

and extending between+he lens, caps& a Iens

nucleus.

A

-..- --- .. . . . .

Eight examin&ions’- -” nsatisfadh-y b&at&e

of advanced age cataracts, lens extractions, or

comeal defects.

Figure 17. Photographs of fhe optic lens taken through
the slit-lamp microscope x 312 magnification and en-
larged 2%x. Lens flecks are visible in and to the right of

the Iightyc which lies at the left in each photograph,
created by impingement of the lamp beam on the lens
posterior capsule. Left: Mouse, nonirradiated, one vear
old. Right: Hutnan, a 39-year-old ManhaU Island female
expo9ed to I 75 rads of fallout radiation 15 yearn previously.

m.
.~
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Figure 19. Counts of subcapsular flecks (made as described in the text) averaged
within each exposure group for persons of similar age. Left: Unirradiatcd Mar-
shallesc people. Right: People exposed to 175 rads fallout radiation in 1954.

the difference was less. (Two fled counts >150
--- ~. were excluded from analysis. ) :

The fleck counts were analyzed se#i@ely for Nonexposed males had fleck counts that in-

T

males and females, and, within ea~s --- ure %awased with age, but in contrast to that for non-
group, were averaged for consecutive .i~t 1Sof.:,. exposed females, the rise was slower and appeared

age to produce age-specific subgroups. Th&,a&rage to M&&r with time. Males exposed to 175 rads

fleck count and statistical limits e- one f

3

were the smallest group, which may contribute to

standard error to either side were thei ‘ut~ ::. M crrae fleck counts obtained.

cause of the nature of the examination and the

numbers of persons examined. Confidence at the

95% level was found only between nonexposed

males averaging 16 years of age and ( 1) the oldest

nonexposed male subgrou~ and (2), 175-rad ex-

posed females older than 2&~ti examination.

Although some fine structure&@eet&nplieci,

the results for each group c- ~ted by a

~= ; i, The levels of confidence were generally low be-.. J.

+-

“+

“%

stra” t line. ~ &, ~> &-
:- . .> ~~=. > ..

+*-> ‘n
. ----- --“

..e+.= ““-‘-z
*

ference from their nonexposed counte-+fl%ek - ~~ -~&imary finding in t~ &~.w@s ghp c~-

counts were not obtained on persons< 15 years ~ $“ $pt@U-increase in lens fledia &

of age, but would likely be lower than in persons -
~ #&+@!;;

@a&i males and females. W&as

>15 years of age.) Females who were mature at

*

*fetn as more rapid during adoIes@%ce,jena

exposure also yielded fleck counts higher than flee n%nales rose at a lower but ~stn~ rate;

those of comparably aged nonexposed females, but -- consequently, fleck counts in mal&&k nit equal..
..

~“
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Table 11

Estimated Bodv Burdens of Radioisotopes in Rorqelap

People on Day 1 From Radiochemical Urine .%nalvses

Isotope _ .Activity, pCi

Essr 1.6 - 2.2
140Ba 0.34- 2.7

Rare earth group o _ l?

131I (in thvroid gland) 5.6 -22.4
103RU o -0.013
45& o - 0.019

Fissiie material o -0.016 (pg)

those in females until the age of 50. The normal

rise in lens flecks with increasing age is similar to

that found in the mouse, in which it is felt to rep-

resent the gradual accumulation of defective lens

fibers descended from abnormal but viable cells

residing in the germinal zone of the lens epitheliums.

The progressive increase in the nonexposed in-

dividual suggests that some fraction of these cells

has been abnormal from the time of lens forma-

tion. In distinction to that in the (female) mouse,

the rise of lens flecks in the human appears to have

a rapid phase coinciding with adolescence in the

female, a period of life during which the ratio of

estrogen to androgen may be elevated.

The second finding of interest is the greater

radiosensitivity (for the production of lens flecks)

in females, particularly those aged 13 to 20 years

at the time of radiation exposure. As noted above,

this is a period of rapid rise in lens flecks in the

normal, and possibly of relatively high estrogen

level. Experimental evidence pertaining to the in-

fluence of estrogen on radiolethalit y in the mousez 1

suggests the possibility that gonadal hormones may

have been at least partly responsible for the dif-

ference in radiosensitivity ‘between the sexes, and

also for the difference in incidence between adoles-

cence and maturity in the female. Such a mecha-

nism might imply varying radiosensitivity in the

female as a function of stage in the menstrual cycle

or pregnancy at the time of irradiation. Little in-

formation was available as to menstrual status at

the time of fallout exposure. Of three women who

had been pregnant when they received 175 rads,

two have fleck counts higher than would be expected

for their age, but the fleck count in the third per-

son was below that expected. These data serve

only to suggest the possibility of a gonadal hormone

role in radiosensitivity of the optic lens, and defini-

tive answers must be sought elsewhere.

Finally, it should be emphasized that this survey

has involved the counting of small numbers of

dkcrete opacities of diameters measurable in mi-

crons. These rare, minute defects, possibly involv-

ing only portions of single lens fibers, are extremely

unlikely to be capable of any effect on visual func-

tion. The dense subcapsular and diffuse nuclear

changes commonly seen in persons of ages beyond

the sixth decade are far more impressive and func-

tionally important.

THYROID FINDINGS

Estimation of Dose of Radiation
to the Thyroid Glands

The calculations of dose to the thyroid from the

absorption of radionuclides in the fallout un-

fortunately could be made only from radiochemi-

cal urine analyses obtained several weeks after the

accident. These calculations are summarized briefly

here (see BNL 5002911 for details). In addition to
131~the isotopes 1331, 1351,and to a lesser extent

lQPI in the fallout contributed significantly to the

thyroid dose. The only direct data available on the

Rongelap people are radiochemical analyses of

pooled urine samples taken 15 days or longer after

the fallout. At 15 days the urine still contained

small amounts of 1311.The dose to the thyroid from
1311on the first day of the fallout was estimated to

be 11.2 pCi (5.6 to 22.4 pCi) assuming that O.1~0

(0.05 to 0.2’%) of the maximum thyroid burden

(not corrected for physical decay) was excreted in

the urine on the 15th day. Table 11 shows esti-

mated body burdens of various isotopes on day 1.

The dose of 160 rads to the adult thyroid was

calculated from oral intake and inhalation of the

combined various iodine isotopes, considering their

fission yield, the average energy deposited in the

thyroid per disintegration, and the time of absorp-

tion. The dose to the thyroid glands of children 2

to 4 years of age was then calculated by means of

these factors with consideration of pulmonary

fitnction and the thyroid size of the child of that

age. The main source of iodine ingestion was con-

sidered to be water, and since it was being rationed

at the time of fallout it was assumed that the chil-

dren drank the same amount as adults and there-

fore had the same thyroid burden of radioiodines.

The small size of the children’s thyroid resulted in

a substantially Iareer dose. The total estimated,,_,
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Table 12

Iodoprotein Levels ( 1P) in Populations Under Study (~g%) 1966-1969

Xonexposed and low-dose groups (no thvroxine treatment)
—

.+ilinqsae Ltirik Rongeiap nonexposed

Subject Age ( 1969) Subject Age & Subject .\ge &
Xo, & sex 1P No, Sex 1P No. sex 1P

6 16 Yf 5.8 2101 62 M 7.9 813
8 16 F 2.8 2146 51 F 7.0 816

70 30 F 1.9 2119 33 F 8.1 82Q

59 40 F 2.5 2166 54 M 7.9 833
.\v. 3.2 2125 j? ~f 8.5 835

AV. 7.9 843

855

858

914
931

932

938

956

1532

15 >1 1.9
19 F 6.4
~~ >f 1.1
36 \f 1.5
33 Nf 2.3
40 F j,?

64 M 7.3

74 F 14.5

34 F g,?

15 M 0.7

34 F 6.7
30 F 1.9

60 F 6,4

19 F 3.5

.~V. +.8

Rongelap people not on thyroxine Thyroidectom y

With thyroid lesions

( before surgeq) No thyroid lesions Subtotal Total

Subject Age & Subject Age & Subject Age & Subject Age &
?30. sex 1P ?JO. sex 1P NO. sex 1P Xo. sex 1P

3 16 M 1.3 32 18 .M 1.7 17 17 M 3.5 11 18F 2.9
5 16M 1.3 27 27 M 3.3 23 19 M 1.7 21 18 F 1.7
2 171X4 2.0 7 51 M 1.7 33 16 F 1.3 64 43 F 4.1

23 19M 1.8 68 59 M 3.7 54 16 M 0.9 3* 16M 13
72 21 F 9.2 34 60F 3.4 65 16 F 3,3 -*3 16 ,M 1.3
15 2Z F 10.2 11 65 M 3.6 19 18M 0.9 i%V.2.6
36 ’22 ~ I.0 Av. 2.9 42 18F 4.2
18 36 F 1.0 20 22 M 1.3
64 45 F 4.5 61 23 F 6.7

Av. 3,6 Av. 2.6

*Placed in this category because of nearly complete atrophy of the thyroid gland.

dose from the various iodine isotopes to the child’s

gland was about 1000 rads, with a range of 700 to

1400 rads. The glands received an extra 175 rads

from external gamma radiation.

Previous Thyroid S~dies

Even before the development of thyroid nodules

was noted, the evaluation of thyroid status of ex-

posed individuals received considerable attention,

since it was recognized that the slight growth re-

tardation noted in some of the children might be

related to radiation effects on that gland. How-

ever, on the basis of physical examinations and

serum PBI and cholesterol determinations each in-

dividual examined at that time was believed to be

euthyroid. It soon became apparent that the aver-

age serum protein bound iodine in the Marshallese

of both Rongelap and Utirik was higher than



normal and that from 16 to 64% of the natives on

Rongelap and 90% on Utirik showed vaiues that

were above the normal range by American stan-

dards.zz No significant differences in the PB1 levels

were no~ed between the group that had been ex-

posed to radiation and the unexposed group.

Chemical studies~f the sera revealed that the high

PBI levels could be accounted for largeiy on the

basis of high iodoprotein levels. Lack of recognition

of this fact may have masked an incipient de-

ficiency of the thyroid hormone in some cases dur-

ing these early studies.

More recently, after development of thyroid ab-

normalities in the exposed Marshallese, it was

possible to compare serum iodoprotein levels in

cases with thyroid hypofunction with those in

euthvroid populations. In Table 12 iodoprotein

levels are compared for the Ailingnae, Utirik,

Rongelap unexposed, and Rongelap higher ex-

posure groups with and without thyroid abnormal-

ities. The highest iodoprotein values were noted

in the L’tirik population. The Rongelap unexposed

population had higher values than the exposed

population. The reasons for this are not apparent.

Among the exposed population those with thyroid

abnormalities showed about the same mean level

as those with. no thvroid abnormalities. Following

thvroidectomy the iodoprotein levels were slightly

lower, but no difference was seen between those

with subtotal and those with total thyroidectomy.

These data indicate that radiation exposure may

have resulted in a slight reduction of iodoprotein

levels in the exposed population. Thyroidectomy,

partial or complete, resulted in only a partial re-

duction in the iodoprotein levels; therefore, it

appears that the major portion of iodoproteins are

produced at extra-thyroidal sites.

Urine iodine levels were in the normal range in

the Rongelap people, which indicates adequate

intake in the diet, but the values were not quite as

high as expected in individuals living close to the

sea and eating seafood. 1s21uptake studies showed

a depressed thyroidal iodine uptake rate and renal

excretion rate in the Marshallese (unexposed

people) compared with Americans. No explana-

tion for these findings is available. These data are

described in detail in the preceding report. 11

Development of Thyroid Lesions

.Nine years after the accident an asymptomatic

thyroid nodule was detected during routine annual

physical examination in a 12-year-oid exposed

girl ( = 17), and the following year a 13-vear-old

(=21 ) and a 14-yr-oid girl ( =69), both exposed,

were also found to have nodules of the gland.zs

Since then increasing numbers of thyroid abnor-

malities have appeared in the exposed Rongelap

people. In 19 people modularity of the gland has

been the prominent finding, and in 2 boys (=3

and 5) atrophy of the gland has developed, The

nodules were usually multiple and non-tender and

varied in consistency. Surgical exploration, de-

scribed below, has been carried out in 18 of the 19

nodular thyroid glands. Benign adenomatous

lesions were found in all these cases,and malignant

lesions were also present in 3 of them. One adult

with somewhat less significant modularity of the

thyroid is still under observation. Table 13 outlines

the findings on individual cases. Appendix 4 lists

thyroid information on the entire exposed Ronge-

lap population (including PBI, cholesterol, etc.).

In view of the seriousness of these thyroid develop-

ments a panel of experts advised that the more

heavily exposed Rongelap people be given supple-

mental thyroid hormone. This treatment was in-

instituted in September 1965.

Table 14 lists the incidence of benign nodules

(including atrophy of the gland) and malignant
lesions and the estimated dose of radiation to the

thyroid glands in the various populations under

studv. The highest incidence of thyroid lesions

(89.5%) has been noted in the heavily exposed

Roneglap group who were <10 years of age at the

time of the accident. The absence of lesions in

people of the same age in the lesser exposed and

unexposed groups is most notable. The incidence

of thyroid lesions in those exposed as adults in the

more heavily exposed ,group is considerably lower

than in those exposed-as ~hildren but is”higher

than in the adult population of the Utirik or un-

exposed groups. (One individual was found to have

an adenomatous thyroid lesion in the Ailingnae

group. )

The first case of carcinoma of the thyroid was

discovered in 1965 in a 41 -year-old woman (=64)

in the heavily exposed group, 11 years after ex-

pxure.24.zs At that time the relationship of radia-

tion exposure to appearance of this lesion was

seriouslv questioned, although such lesions are rare

in the Marsh allese. However, in September 1969

surgical exploration of the thyroid on 5 Marshallese

with palpable nodules revealed malignant lesions

in 3 additional people. Two of these were women

in the more heavily exposed Rongeiap group, a 36-
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Table 13

Thvroid Abnormalities in Exposed Rongelap People, 1969

(.4rranged in order of appearance of abnormality)

Time
—

development

Subject No, Present Age at

and sex age? )T exposure Year Aye F[ndings, present status( 1969)

3M 16

5M 16

17 F 18

21 F 18

69 F 19

2M 16

20 M 22

64F 45

72 F 21

42 F 18

61 F 23

40 M 44

59 F ●

54 M 16

19 M 18

36 M 22

1

1

3

3

4

1

7

30

6

3

8

29

44

1

5

7

1965

1965

1963

1964

1964

1965

1!365

1965

1965

1965

1965

1965

1965

1966

1966

1966

12

12

12

13

14

12

18

41

17

14

19

40

55

13

15

19

Hypothyroid, PBI < 2pg% March 1965; retardation of growth pre-
ceded these findings by a number of years. Growth spurt and improved

appearance on thyroxine.

Hypothyroid, PBI <2pg% March 1965; retardation of growth pre-

ceded these findings by a number of years. Growth spurt and improved

appearance on thyroxine.

Adenomatous goiter; total thyroidectomy, 1964. No recurrence, eu -

thyroid on thyroxine.

Adenomatous goiter; total thyroidectomy, parathyroidectomy, 1964.

No recurrence, euthvroid on thyroxine.

Adenomatous goiter; partial thyroidectomy, 1964. Slight roughening

right lobe persists ( 1968). Euthyroid on thyroxine.

Adenomatous goiter, partial thyroidectomy, 1965. Slight roughening of”

right lobe and isthmus ( 1968). Euthyroid on thyroxine.

Adenomatous goiter, partial thyroidectomy, 1965. No recurrence. Eu-

thyroid on thyroxine.

Mixed papillary and follicular carcinoma with localized metastasis.

Total thyroidectomy (surgical and radioiodine) 1965. No recurrence.

Euthyroid on thyroxine.

3-mm nodule left lobe. Nodule not palpable 9/66. Recurrence 1969,
increased size. Mixed follicular and papillary carcinoma. Lymph node

metastasis. Adenomatous nodules were also present. Complete thy-

roidectom y.

2-mm nodule right lower lobe. 3/66 nodular enlargement ( -1%x nor-
mal ) entire gland; firm 5-mm nodule right lobe. 7/66 subotal thyroidec-

tomy: adenomatous goiter. No recurrence. Euthyroid on thyroxine.

6 to 8-mm smooth nodule left lower pole. 3/66 1-cm nodule left lobe.
7/66 subtotal thyroidectory: adenomatous goiter. No recurrence. Eu -
thyroid on thyroxine.

2-mm nodule right lower pole. 3/66 no nodules detected (reduced on
hormone treatment?). 1969 suspicion of slight recurrence.

5-mm nodule midline. 3/66 same. 7/66 subtotal thyroidectomy:

adenomatous goiter.

Nodular enlargement ( - 1% x normal) left lobe and isthmus with 2-

mm firm nodule. 1968 nodule left lobe 2 cm, thyroidectomy. No recur-
rence. Euthyroid on thyroxine.

Multinocftdar soft enlargement entire gland ( -1 ‘/2x normal). 1-cm
nodule right lower pole. 1968 new 1-cm nodule left lobe. Thyroidec -

tomy 1968. No recurrence. Euthyroid on thyroxine.

Slight nodular enlargement, entire gland. 1-cm nodule, not clearly

demarcated, at left lower pole, Many tiny nodules over surface of gland.
Nodules enlarged 1969. 9/69 partial thyroidectomy: adenomatous

goiter, degenerating follicular adenoma.
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Table 13 (continued)

Thyroid Abnormalities in Exposed Rongelap People, 1969
(Arranged in order of appearance of abnormality)

Time of
—

development

Subject No. Present .4ge at

and sex age! Vr exposure Year Age Findings, present status ( 1969)

33 F 16 1 1966 13

65 F 16 1 1966 13

23 M

15 F

18 F

19 4 1967 17

22 7 1968 21

36 21 1969 36

9/65 questionable irregular gland. 3/66 definite 5-mm nodule left lobe.
7/66 subtotal thyroidectomy: adenomatous goiter, Hiirthle cell ade -

noms. *No recurrence. Euthyroid on thyroxine.

9/65 questionable small nodule. 3/66 5-mm nodule right lobe. 7/66
right subtotal thyroidectomy: adenomatous goiter. No recurrence.
Euthyroid on thyroxine.

1.5 to 2-cm nodule right lobe. 1968 slight increase in size of nodule,

Subtotal thyroidectomy 1968. No recurrence. Euthyroid on thyroxine.

Slight nodularitv both lobes. 1968-1969 modularity increase. Subtotal
thyroidectomv 1969. Benign adenomatous nodules.

Knarled mass right lobe. Complete thvroidectomy. Follicular carci-

noma of right lobe. Adenomatous nodules were also present in remain-

der of gland.

● Ailingnae group; received 70 rads gamma radiation. This patient died of influenza-pneumonia in 1968. Another 77-
year-old woman in the Ailingnae group ( #43) died in 1964 of pneumonia, and, though no chemical evidence of thyroid
adenomata was noted prior to death, hktoiogical examination of her thyroid revealed adenomatous changes. A 29-
year-old female ( # 70) from this group had a neurofibroma removed from the left side of the neck, near the thyroid, in
1968.

Table 14

Thyroid Nodules (Plus Hypothyroidism), March 1969

Estimated
Age at thyroid dose,’ Percent Percent

Group exposure rads thyroid Iesionsb malignancy

Rongelap

(175 rads y)

Ailingnae

(69 rads y)

Utirik

(14radsy)

Rongeiap

unexposed

<lo

>10

all

<lo

>10

all

<lo

>10

all

<lo

>10

all

500-1400
Iw

275-550

55

55-110
14

89.5 (17/19)

8.8 (3/34 )

39.6 (21/53)

0.0 (0/6)

12.5 (1/8)
7.1 (1/14)

/
0.0(/40)
5.1 (3/59)

3.0 ( 3/99)

0.0 (0/61 )

2.3 (3/133)
1.5 (3/194)

5.3 (1/19)

5.9 (2/34)

5.7 (3/53)

1.7 (1/59)

1.0 (1/99)

—

aDose from 131, 132, 133, 1351.

bBased on present population.

CChildren 10 to 20 yearn of age at exposure received up to about 500 rads.
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Figure 20. Marshallesc thyroid cases ( 196B ) at BNL .M~ical
Research Center with Dr. Conard and interpreter. Extensive
examinations at BNL were followed by surgery in Boston.

Figure 21. ,Medical consultants at the Hospital of the Medical Research Center at Brookhaven to
confer on Manhallese thvroid cases ( 1969), From left to right: Drs. R..%. Conard, B.NL; J. Robbirrs,
iNIH: H.L. Atkins, B.NL; B.hf, Dobyns, Western Reserve; and B,P. Colcock, Lahey Clinic.
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year-old female ( # 18) who was 21 years of age

at exposure and a 21-year-old female ( #72) who

was 6 years of age at exposure. This latter case

presented the first malignant thyroid lesion noted

in the group of heavily exposed children, who have

the highest incidence of benign lesions. These

recent findings greatly increase the concern about

radiation-induced neoplasms in this population.

The third malignant lesion was in a woman from

Utirik Island. Since the dme of radiation received

by that group was very low, it is highly improbable

that this lesion isattributable to radiation exposure.

Surgical Explomtion of Thyroid Nodules

Thyroid operations have been preformed at the

following times: 3 in 1964,* 3 in 1965,”” 5 in

1966,** 4 in 1968,** and 5 in 1969. t (Hospital

summaries of cases operated in 1968 and 1969 are

presented in Appendix 5.)

At surgery the gross appearance of most of the

thyroids was lobulated, but in addition they con-

tained grossly discrete masses (see Figures 22 to

24). The benign thyroid lesions exhibited multiple

nodules varying in size from a few millimeters to

several centimeters in diameter. They varied from

wft to firm in consistency, and were hemorrhagic

or in many -instances cystic. Some thyroid glands

had increased fine vascularity over the surface

similar to that noted in thyroids previously trt!ated

with large doses of 1311for h yperth yroidism. Some

of the recent patients were given small tracer dcsxa

of radioiodine the day before surgery so that the

radioactive content of the nodular tissue could be

measured at the time of surgery. The discrete

lesions in many cases showed 1311uptake different

from that of the extra-nodular tissue, most discrete

benign lesions showing less uptake (Figure 25).

Radioiodine in malignant tissue was found to be

nil compared with that in surrounding normal

tissue.

Microscopic examination of the benign lesions

revealed marked variation in size of follicles. The

cells of some follicles appeared atrophic, while

others were hyperplastic, which was reminiscent

of iodine deficiency goiter (Figure 26). In addition

to the gross adenomatous masses, some of the 15

thyroids classified as benign contained multiple

microscopic clusters of what appeared to be atypical

proliferating cells here and there in the paren-

chyma (see Figures 27 and 28).

From the microscopic examination the thyroid

carcinomas were considered of low grade malig-

nancy, and they varied in structure from papillary

to mixed papillary and follicular type [Figures 29

and 30). Benign adenomatous changes were also

noted in the glands. All showed capsular invasion.

and in two cases localized metastasis to lymph

nodes were present and in two other cases, blood

vessel metastasis. Total thyroidectomies were per-

formed in all three cases of malignancy, and a left

radical cervical lymph node dissection also was

done in one case because of spread to lymph nodes,

No metastasis have been recognized beyond the

cervical region in any patients.

Thyroid Function: Correlation With
Retardation of Growth in Children

In some children with thyroid lesions, deficienc~

in serum thyroxine has been correlated with re-

tardation of growth. The most striking insta nccs

of hypothyroidism were in two boys who showcd

marked retardation ofstatural growth and bone

age. By 1964, they had developed obvious atrophy

of the thyroid gland with almost complete loss ot

thyroid function as evidenced by failure O! lhc

thyroid to take up much if any iodine even at’ter

TSH stimulation. By this time their blood had low

thyroxine and very high TSH levels. They show cd

bony dysgenesis, sluggish Archilles tendon re-

flexes, puffy faces, and dry skin. Their response to

thyroid hormone supplement as evidenced b.

growth spurt, improved appearance, etc.. has been

dramatic (see Figures 31 to 33). Several other chil-

dren who displayed thyroid modularity and whow

statural growth was below average showed low or

low-normal serum thyroxine values and poor

radioiodine uptake after TSH stimulation i nd Ica[-
ing that their thyroids were functionally impaired

and operating near their maximum capac][~

Functional deficiency of the thyroid was not

demonstrated in adults with nodules or carci noms

of the thyroid.

Influence of Physiological Stress

on Thyroid Abnormalities

“By Captain C.A. Broadus (MC)USN, U.S. Naval Hospitat,
Guam.

**By Dr. B.P. Colcock, New England Deaconess and Bapist
Hospitals, Boston, Massaclussetts.

tBy Dr. B.M. Dobyns, Cleveland Metropolitan General Hcspi-
ral, Cleveland, Ohio,

An assessment was made of the relationship p of

the development of puberty to the occurrence 01

thyroid nodules. Degrees of pubescent chanqcs

have been recorded annually by a grading system.

The two boys who showed greatest retardation of
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Figure 22. Exposure of thyroid at surgery showing nodules. The nodules were benign,

I
1cm

I

1
1 cm

{

. .

Figure 24. Excised thyroid showing malignant nodu Ic
Figure 23. Excised thyroid showing benign nodules. in upper right lobe.



Figure 25. .Autoradiograph of section through a nodule of
a thvroid with benign lesions. Lack of grains (superim -
posed blackening) shows that adenoma in center is non-
functioning. H. and E. stain; x9.8.

Figure 26. Section of thyroid showing 2 benign papillary
adenomas. H. and E. stain; x9.8.

Figure 28. An area of atvpical proliferating cells in a thy-
roid which had developed multiple discrete benign ade -
nomas. H. and E. stain; x 49.

Figure 29. Follicular carcinoma of the thyroid showing

~~ldm invasion in a 41-year-old women exposed to fall-
out. This represented a discrete mass, as shown in Figure
24. There was no lymph node metastasis. H. and E. stain:
X 18.2.

Figure 27. Multiple clusters of what appear to be atypical
proliferating cells in a thyroid which contains several large
discrete adenomas. The lesions were considered benign.
H. and E. stain; x 14.

Figure 30. Papillary carcinoma demonstrating extensive
connective tissue invasion within the lobe. This patient
had multiple cervical lymph node metastasis, H. and E.
stain; x46.9.
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marked hypothyroidism. Comparison is with unexposed.
Note enhanced growth after thyroid treatment.

Figure 33. One of the two boys
( =5) showing most retardation
of growth with development of
hypothyroidism. Left: near the
beginning of thyroid hormone
treatment ( 1966, age 13 ); right:
after 3 years of treatment ( 1969),
showing remarkable spurt in
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boys. Note the dramatic change in slope of ,growth cumes
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growth had developed atrophy of the thyroid

gland before puberty, and changes associated with

puberty were delayed. There may be some associ-

ation between the apparent increased demand for

thyroid hormone at puberty and the appearance

of thyroid nodules, since in 10 children (4 males

and 6 females) thyroid nodules appeared near the

expected or actual time of puberty. In 5 other

children (2 males and 3 females) the nodules ap-

peared 1 to 3 years after puberty and in the fe-

males were associated with pregnancies. In evalu-

ating the influence of puberty and pregnancy it

should be pointed out that the latent period be-

tween exposure and the development of thyroid

abnormalities was fairly constant in all these

children, varying between 10 and 13 years, so that

the above findings may have been fortuitous. In

the 4 women who developed carcino --a of the

thyroid the possible influence of the stress of preg-

nancy must be considered, since all had multiple

pregnancies in the years preceding the develop-

ment of lesions.

Sex Incidence

Tkse sex ratio of occurrence of benign thyroid

lesions in the Rongelap population was 1.3 in fe-

males to 1.0 ‘in males. This may be misleading

since, in the group exposed at <10 years of age,

all the females had lesions whereas 2 males did

not. The fact that all 3 malignant lesions of the

thyroid were in females is consistent with reported

statistics showing a preponderance of such lesions

in females.26

Discussion

By the time the first malignant thyroid lesion

appeared in the more heavily exposed Rongelap

group several years ago, numerous benign adeno-

matous thyroid nodules had appeared. The latter

were suspected of being related to the radiation

exposure, but such an etiological relationship of

the single isolated malignant lesion found at that

time was speculative. The finding of 2 additional

individuals with thyroid carcinoma in this group

(3 among 21 thyroid lesions in 67 Rongelap people

exposed) makes the etiological role of radiation

exposure increasingly probable. For the time be-

ing the single malignant thyroid lesion found in

a woman from Utirik Atoll cannot be attributed

to radiation exposure because of the low dose re-

ceived there.

The significance of radiation exposure of the

thyroid glands in the Rongelap people had not

?9

been fully appreciated until the appearance of

thyroid lesions. More careful review of the dose

calculations indicated that considerable exposures

from radioactive iodine absorption had probably

occurred, particularly in the children. The expo-

sure of the Rongelap people was not comparable

with exposure of populations due to fallout from

reactor accidents in which radionuclides are ab-

sorbed chiefly via milk from cattle grazing on con-

taminated pastures. The Marshall Islands have no

cattle and no local milk supply. (Mother’s milk may

have contributed to the radioiodine absorption in

2 children reported to have been nursing at the

time of the arcident.) But there was heavy con-

tamination of food and water supplies on Ronge -

Iap and a relative abundance of radioiodines in

the fallout. The dose to the thyroid glands was

greater than that to other organs by a factor of’2

in adults and a factor of about 7 in children.

Numerous animal studies have demonstrated

the role of radiation in the etiology of thyroid-.
neoplasms.ZT-zg In humans the development of

thyroid nodules and cancer from x-irradiation,30,31

particularly when the radiation occurs in infancy

and childhood,sz-~ is well documented. Develop-

ment of such lesions from radioiodines has also

been seen in animals but less frequently in hu-

mans. Sheline et also reported 8 cases of nodular

goiter in their follow-up study of 250 cases treated

for hyperthyroidism. Six of these cases were ir-

radiated before 20 years of age and 4 before 10

years of age. One showed a possible invasion of

the thyroid capsule.

The incidence of thyroid modularity in the ex-

posed Mamhallese is considerably higher than that

reported by Pincussz and HempelmannsA in their

studies of populations who had been exposed to

therapeutic x-irradiation of the neck region at a

young age. However, on a risk per rad basis, the in-

cidence of51 cases per 10Gpersons per rad per year

for the Marshallese is quite comparable with 24

for one group and 64 for a second group calcu-

lated by Pincus and Hempelmann. This compari-

son seems to indicate similar effectiveness – per

rad - of x-radiation and radioiodine exposure. *

The 3 malignant lesions of the thyroid reported

here in the heavily exposed Rongelap people ap-

pear to be the first such cases clearly associated

with radioiodine exposure except for one possibly

malignant thyroid lesion reported by Sheline et also

●Nfr, Keith Thompson of this Laboratory carried out the
stasistiml anafpes in the thyroid cases.



30

Based on the incidence of carcinoma of the thy-

roid among the 17,000 Mamhallese reported by the

Trust Territory, the expected incidence in the

Rongelap high exposure group would be 0.056

cases over the 15-year period. The finding of 3

cases (5 .67o incidence) thus represents a consider-

able increase over the expected number ( @<0.01,

X2 test). Among the 157 Utirik people about 0.14

cases would be expected, and 1 case is reported.

It seems less likely that this single case would in-

volve radiation etiology in view of the low dose

received by this group and the fact that no nodu-

lar lesions had been noted among the children.

Based on the present incidence of thyroid malig-

nancy in the high exposure Rongelap group, the

risk of this malignancy developing – per 106 persons

per rad per year - is 3 cases for the children ex-

posed at <10 years of age, 10 cases for the older

people, and 5.6 cases for the group as a whole. The

risk in the Marshallese children is not inconsistent

with that reported by others.sA

Radioiodine exposure has been generally con-

sidered less effective than x-radiation in produc-

1
ing thyroid lesions, primarily because few thyroid

I
tumors have been noted following radio iodine ther-

1

apy.zG It seems likely, however, that the scarcity

of such findings-is related to the high doses of radia-

tion used (5000 to 10,000 rads or more in the treat-

ment of hyperthyroidism and 50,000 rads or more

for ablation of the gland to ameliorate symptoms

1

in certain diseases). Such doses probably are so de-

structive that they preclude proliferative activity

and malignant transformation. The increasing

incidence of hypothyroidism without tumor for-

mation, years after treatment of hyperthyroid

patients with radioiodines, illustrates this point.

Tumor formation in animals is not always a dose

dependent phenomenon.ss Shellabarger et al.sG

showed that the incidence of breast tumors in rats

reached a maximum at about 400 rads and fell off

with higher doses. Lindsay et al.zg reported that in

rats doses of 1311>200 to 400 ~Ci were lesscarcin-

ogenic than lower doses. Mark and Bustad re-

ported similar findings”in sheep.sT Although the

dose to the thyroid gland in the Marshallese was

generally considerably below the dose of 1311used

for therapy of hyperthyroidism, the doses received

by some of the children were probably above the

optimum carcinogenic range and therefore the

true risk per effective rad may be greater in this

group. The paradoxical finding of greater risk in

the older group appears to be in line with this

reasoning. The two stunted Marshallese boys who

showed almost complete atrophy of the thyroid

gland with no evidence of nodular development

are probably comparable with cases of hypo-

thyroidism developing in patients years after

radioiodine therapy. The thyroid exposures of the

Rongelapese were slightly different from those of

patients treated with 1311because their thyroids

were not hyperplastic when exposed, at least part

of the radioiodine isotopes were of shorter half-life

than 1s11, and their exposure was complicated by

gamma radiation.

Some factors secondary to raa... ion exposure

might have enhanced the development of thyroid

lesions in the Mat-shallese. Iodine deficiency or

goitrogens in the diet did not appear to be among

these. However, the physiological stressesof puberty

and pregnancy may have played a role in the de-

velopment of the lesions. For instance, the develop-

ment of 10 cases of nodular goiter in the children

during or near the time of puberty might indicate

that this stress may have enhanced nodular de-.

velopment. In 3 females who later developed thv-

roid nodules the demand of multiple pregnancies

may have been related. Since the latent period be-

tween exposure and nodule discovery varied only

between 10 and 13 years, it may be argued that

development of thyroid nodules was independent

of these stresses.On the other hand it is noteworthy

that all the women who developed malignant thy-

roid lesions had had muliple pregnancies.

The occurrence of thyroid nodules in the Mar-

shallese was only slightly higher in females than

in males (ratio of 1.3 to 1.0). This is similar to the

nearly equal sex distribution reported by Tovooka

et al.ss for thyroid nodules developing in persons

irradiated over the neck region in infancy. How-

ever, in the case of carcinoma of the thyroid the

expected female preponderance Occurred.ze

The insidious development of growth retarda-

tion in some of the Marshallese children before

clinical evidence of thyroid abnormality or defi-

ciency was recognized demonstrates the apparent

sensitivity of growth and development processes to

borderline or subclinical thyroid deficiency. All

possible steps are being taken to help the children

adhere to the present thyroid trea .nent schedule

so that they will achieve satisfactory growth and

maturation.

Careful medical surveillance of these exposed

people, including the Vtirik, will be essential in

future years. The latent period for the develop-
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ment of cancer was 7 years in one case and 14 and \ ture aging in the exposed group that might be as-

15 years in the other two. That the latent period

may be longer is supported by Goolden’s observa-

tion of the development of thyroid cancer 40 vears

after radiation exposure.qs It may be that we are

just reaching the~ritical period in the post-radia-

tion observations.

SOME STUDIES OF IMMUNOLOGICAL ASPECTS OF

AGING AND FALLOUT RADIATION EXPOSURE

Among the manv studies on the Rongelap

people, the investigation of the possibility that

radiation causes premature aging has been of con-

tinuing interest, particularly because such findings

have been reported in irradiated animals.sg The

200 unexposed Marshallese people have served as

an excellent comparison population for these

studies since they are closely related and live in

the same environment, For aging studies, during

phvsical examinations measurements were made

on characteristics considered to be criteria of

aging.A’3 Among these were skin elasticity and

looseness and hair grayness; accommodation,

visual acuity, and arcus senilis of the eyes; hearing

loss; nerve and neuromuscular fimction, vibratory

sense, and hand strength; response to light extinc-

tion test and rapid movement test; systolic blood

pressure; and levels of blood cholesterol and body

potassium (qOK). Most of these criteria showed

varying degrees of correlation with age and af-

forded a means of arriving at a “biologicai age”

score for each individual. However, none of the

tests showed any significant indication of prema-

\

sociated with radiation exposure.

During the past 3 years these studies have been

extended to include examination of some aspects of

the immune status in the exposed and unexposed

Marshallese populations which might be indica-

tive of aging and/or radiation exposure. The

studies reported here include measuring transfor-

mation and replication of circulating Iymphocvtes

from phytohemagglutinin (PHA) stimulation in

culture, quantification of the various serum pro-

teins by electrophoresis, immunodiffusion studies

for immunoglobulin levels, and routine enumera-

tion of peripheral blood elements. In contrast to

results of previous studies, some of the present

tests showed differences between the exposed and

unexposed groups that might be interpreted as

radiation effects. Therefore the results on the un-

exposed population are treated separately here in

order to determine the correlation of these criteria

with aging in a normaI Marshallese population,

The results on the exposed group are compared

with those on the unexposed group to evaluate

possible radiation effects.

Materials and Methods

In Table 15 the numbers of subjects on whom

the various tests were done are listed according

to age decades.
Lymphocyte Cultures. Blood cultures were set

up as follows. The bu~ coat was separated from

5 ml of heparinized blood by sedimentation and

centrifugatlon. The culture medium consisted of

Eagle’s minimum essential medium supplemented

Table 15

Numbers of Marshallese Subjects Tested in Various Studies
( Since the resulrs for males and females showed no significant difference, they were combined)

Lymphocyte Serum Immuno- Blood
transformation (1968) proteins ( 1968) globulins ( 1968) elements ( 1967)

Age

group Unexposed Exposed Unexposed Exposed Unexposed Exposed Unexposed Exposed

t 3-20
p I_30

31-40

41-50
51 –60

61-70
71-80

11

11

25

19
15

12
9

11

9
10

4

6

3
1

12
11

26
19

17
12

8

11
10

10

4
6

3
1

6

9
9

11

11

12
7

4

2
2

2
3

2
1

29

16

20

11
5

11

6

15

7

8
5

3
1

46Total 102 44 105 45 65 16 98
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with 1 ‘%0 glutarnine, 1s~o fetal calf serum, penicillin

(100 units/ml), and streptomycin (O. 1 mg/ml).

Five-ml cultures were seeded with 106 leuko-

cytes/ml, PHA M Difco (0.32 mg/ml culture)

was added, and the cultures were incubated at

370 C. At exactly 72 hr the cells were harvested,

and the number ~f transformed lymphocytes

(blastlike cells) was determined as follows. The

cells were prepared for counting by the method

of Stewart and Ingram.Al A 1-ml aliquot of each

culture was treated with a proteolytic enzyme

(pronase) to remove cellular debris and a cyto-

plasmic stripping agent (cetrimid) to release intact

nuclei. The nuclei were counted and sized with

a Coulter electronic counter (Model A). Previous

experimentsqz had shown that the transformed

ceils had nuclei larger than 47 cubic microns. The

percent transformation was obtained by compar-

ing the number of larger cells with the total num-

ber of cells present. With the above culture tech-

nique, the leukocytes removed from the huffy coat

are predominantly lymphocytes, but with varying

Iiactions of other leukocytes, principally neutro-

phiis. Although the total number of cells was con-

stant at the beginning of culture for each individ-

ual, the number of lymphocytes varied because of

slight differences in differential counts. However, by

72 hr, when the final counts were done, practically

all neutrophils had disappeared fkom the cultures

so that the percentage transformation of lympho-

cytes was not significantly affected by this variable.

Serum Proteins. Serum was collected from

non- heparinized aliquots of blood from each in-

dividual. Total serum proteins (gt 100 ml) were

determined with a refractometer (American

Optical-TS). Separation of serum proteins into

albumen and alpha- 1, alpha-2, beta, and gamma

globulin fractions was done by microelectropho-

resis with strips of celluiose acetate (Phoroslides)

and a Millipore cell ( Millipore Corp. ). Barbitol

buffer ( pH 8.6, ionic strength 0.075) was used with

a run separation of 17 min at 100 volts. The pro-

tein bands were stained with Ponceau-S dye and

then quantified by using a Beckman/Spinco An-

alytrol with a microzone scanning attachment.

Serum Immunoglobulins. Immunodiffusion

procedures for the determination of im muno-

globulins IgA, IgD, IgG, IgM, and kappa and

lambda light chains were carried out by Dr. John

L. Fahey and Dr. Roy Woods of the National

Cancer Institute Irnrnunoglobulin Center (Spring-

field, Virginia). The technique used for quantify-
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Figure 34. Age-related change in lymphocyte transforma-
tion in peripheral blood cultures showing the mean per-
cent transformation for each decade with standard
deviation.

ing the serum immunoblobtdins in antibody -agar

plates has been previously described.4s

Peripheral Blood Elements. The enumeration

of peripheral blood elements was part of the

routine medical examination of the Marshallese

(see below, under I-Iematological Fnd@s). Leuko-

cyte countsq4 were carried out electronically

(Coulter A counter). Platelet count.+s were done

by phase microscopy. Differential counts of leuko-

cytes (200 cells) were performed on Wright stained

smears. Hematocrits were determined by the mi-

crocapillary methodA6 and sedimentation rates by

the method of Wintrobe.47

Statistical Analysis of Data. An analysis of

variance was used to determine differences among

groups for age, sex, and radiation exposure. These

data were programmed and analyzed on a high

speed digital computor. Since sex differences were

not apparent, the results for males and females

were combined and eac~criterion was analyzed

for age correlation (r value). The level of signifi-

cance (p) of differences between the exposed and

unexposed groups (radiation effects) was deter-

mined; p values <0.05 are referred to as “signifi-

cant” in interpreting these findings.

Results

The results are summarized in Table 16, and

the values of the various criteria are plotted as a
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Table 16

Correlation of Criteria With Age and Radiation Exposure ( D = decrease; I = increase)

Unexpmed group Exposed group

—
Change Correlation Percent dif. Significance

Criterion with age with age (r value) from unexposed (p value)

Lymphocyte transformation

Serum proteins
Total serum proteins

Albumen

Total globulins

.41pha- 1
Alpha-2
Beta

Gamma

Immunoglobulins
A (IgA)

D (IgD)
M (IgM)

G (IgG)

Kappa light chains

Lambda light chains

K/L ratio

Blood findhgs

Hematocrit.

Sedimentation rate

Total leukocytes
Lymphocytes

Neutrophils
Platelets

D

I

D

I
I

I

I
I

1

I

I

I

I

I

I

D
I

D

D

I

D

0.89

.35

.45

.58

.37

.43

.32

.75

.49
~()

.20

.78

.96

.24

.41

.57
,72

,43

.91

.44

.65

– 1.1

– 1.5
+ 15.0
–17.1

–31.0
– ~(),()

– 6.0
– 18.3

– 17.0

– 3.0
– 4.0

– 8.0

– 3.0

– 14.0

+ 0.4

+ 2,9
+11.4

– 2.5
– 0.1

– 13.8

– 8.4

0.68

.?4

.01

.01

.01

.01

.03

.01

.05

.98

.74
,~~

.69 “

.15

.74

.07

.08

.39

.51

.04

.04

function of age in Figures 34 to 37. Most of the

changes generally reached a maximum in the 40

to 50-year age group with little further change in

the older groups. Therefore most of the age-

dependent correlation was due to differences be-

tween the younger (15 to 50 years) and older age

groups ( >50 years).

Response of Lymphocytes to Phytohemagglutinin

Stimulation. The transformation of lymphocytes

into blast forms as a result of PHA stimulation in

peripheral blood cultures showed a decreasing re-

sponse with increasing age (Figure 34) which was

well correlated with age (r= 0.89). Lymphocyte

cultures in the exposed group showed no significant

differences from those in the unexposed group in

response to PHA stimulation (p >0.68).

Peripheral Blood Elements. The changes in

various blood elements as a function of age are

presented in Table 16 and Figure 35. In the un-

exposed population the decrease in lymphocyte

levels showed the greatest correlation with age

(r= O.91) and appeared to reach a maximum in

the 50 to 60-year age group. Slight depressions in

platelet counts, white blood counts, and hemato-

crit were noted but were less strongly correlated

with age. An increase in sedimentation rate, how-

ever, was fairly well correlated with age. In the

exposed population the mean levels of neutrophik

and platelets were significantly depressed ( p <0.04)

below levels of the unexposed population, par~ic-

ularly in the older age groups. The other blood

findings were not notably different.

Serum Protein Patterns. The results for serum

proteins determined by electrophoretic analysis

are shown in Figure 36 and Table 16. A slight in-

crease was noted with increasing age in the unex-

posed Marshallese, but it was not statistically sig-

nificant. The gamma globulins increased signifi-
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cantlv in older people. Alpha and beta globulin

levels tended to show some increase though the

correlation with age was not significant. Albumin

levels tended to decrease slightly in older people.

Pronounced differences in serum protein levels

were noted in theexposed population. The albu-

men levels were significantly higher and the glob-

ulin levels significantly lower than in the unex-

posed group. Alpha 1, alpha 2, and gamma globu-

lins showed the most pronounced depression in the

exposed group (Table 16). Serum proteins, par-

ticularly gamma globulins, showed greatest defi-

cits in the older exposed age groups.

The results of the immunodiffusion studies are

shown in Table 16 and in Figure 37. Parallel to

the increase in serum gamma globulin levels, the

immunoglobtdins showed increasing values in the

older age groups of the unexposed people. The in-

crease in IgG moiety was most pronounced and

showed significant correlation with age (r= 0.78).

The increase in the other immunoglobulins did

not show a high correlation with age. The increase

in the K light chains was highly correlated with

age (r =0.96). Higher K\L ratios were noted in

the older people though there was no significant

correlation with age (r= 0.41 ). In the exposed pop-

ulation all thk immunoglobulins were depressed

below levels of the unexposed group, the most

pronounced depression being in the IgG and IgA

moieties and in the L light chains.

Discussion

Though the role of immune mechanisms in the

aging process has never been clearly defined, it is

generally agreed that such mechanisms are im-

paired in senescence. RamAS pointed out that
‘c . . it is well established that the capacity for im-

mune responses increases during neonatal and

juvenile life to a maximum in the young adult

animal, it remains constant for a time and then

gradually decreases as the animal ages.” The re-

sults of the present studies in the Marshallese

people seem generally to support this thesis.

In connection with the results of these studies,

it should be pointed out that the Marshallese

people under study are not strictly comparable

with a population in the United States because

of certain environmental and racial differences.

As is generally true throughout Micronesia, even

though living standards have been improving, the

people are subject to frequent infections such as

gastroenteritis, upper respiratory infections, skin

lesions, and intestinal parasites. Therefore it is not

surprising that they have elevated gamma globulin

levels. The A.j G ratio is reduced or reversed in

most of the people. The serum protein levels are

generally elevated, which may in part be related

to dehydration associated with a tropical environ-

ment where dependence for water is on rainfall

which is scant at certain seasons. The specific

gravity of the urine is frequently high, and re-

duced red cell and blood volume have been found.

In spite of these factors the present studies should

provide valid comparisons of the exposed and un-

exposed Marsha llese populations, since both groups

are generally exposed to the same environmental

factors, and studies of genetically inherited char-

acteristics show them to be a relative homogeneous

population.

These studies are believed to test the immuno-

logical status of the individuals to some degree.

although interpretation of some of the results is

not readily apparent. The results of the various

tests for the unexposed population are discussed

below in terms of correlation with aging. The dif-

ferences in the results for the exposed population

are then discussed with regard to radiation-induced

effects.

In the unexposed comparison population it is

obvious from the various graphs that, even in the

tests showing changes more closely correlated with

aging, the changes are maximum by the middle

years (usually in the 40 to 50 age group) with little or

no increase, or in some cases even slight reduction.

after middle age. The reason for this is not apparent.

The response of lymphocytes to PHA stimula-

tion in peripheral blood cultures was tested be-

cause of the active role of the lymphocyte in

maintaining immunological integrity. PHA is gen-

erally believed to evoke a nonspecific blastogenic

response in such cultures, since many more lymph-

ocytes are transformed and proliferate with this

agent than with specific antigens (such as tuber-

culin, tetanus, thyroid, pertussis, etc.). It is con-

troversial whether or not PHA in this situation in-

duces antibody formation. The exact mechanism

of action of the mitogen is unknown. Conard and

Demoise,49 using autoradiographic and subcel-

lular fractionation techniques, showed that a triti-

ated PHA was localized largely in the cytoplasm

of transformed lymphocytes, with the greatest

concentration in the mitochondrial fraction, which

suggested that such organelles may be involved in

initiation of lymphocyte transformation.
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The Marshallese in this study showed a decreas-

ing transformation of lymphocytes with PHA

stimulation which was well correlated with in-

creasing age. These results indicated that the per-

centage of lymphocytes that can respond to PHA

was reduced as the~arshallese grew older. Such

a finding appears to indicate a general decrease in

immunological capacity of the lymphocytes, as-

suming that the response of these cells to specific

antigens is similarly impaired.

Peripheral blood counts showed a decrease in

lymphocytes well correlated with aging and com-

patible with cellular depletion and reduction in

immunological capacity generally noted in the

aged.AS These results indicate that with aging

there is on an absolute basis a greater loss of

PHA-committed lymphocytes than of non-

committed types. The slight decrease noted in the

hematocrit and platelet levels may also be part of

the phenomenon of age-related cellular depletion.

Such reduction, however, was not noted in the

case of neutrophils. The increasing sedimentation

rate noted with aging in the Marshallese could be

related to a cumulative effect of chronic infections

and debility in the older age groups.

Electrophoretic studies of the serum showed

protein levels {both albumen and globulin) well

above the usually accepted norms for Caucasians.

This may be related in part to dehydration and

lowered blood volumes, as mentioned earlier. The

increase in gamma globulin levels in the aging

Marshallese is consistent with many reports in the

literature. so-ss Possibly the slightly lower albumen

levels noted in the older Marshallese may be re-

lated to lowered food intake.

As expected from the serum electrophoretic

data, the immunodifision studies showed increas-

ing immunoglobulin levels with increasing age

(Figure 37). The most pronounced and most age-

correlated change was in the IgG group. Since the

K light chains are twice as prevalent as the L

light chains in the IgG immunoglobulins,sA the

significant increase in the K light chains parallel-

ing the increase in the IgG group is not surprising.

The K/L ratios in the Marshallese are similar to

those in Caucasians35 and show a slight but sig-

nificant increase in older people.

The increase in immunoglobulins in the older

Marshallese people is probably related to an ac-

cumulation of immunological reactions to infec-

tions. ParfentjevsG suggested that the increase in

gamma globulins he noted in aging dogs and

chickens was related to continuous contact with

infectious organisms resulting in hvperimmuniza-

tion. Such a situation may be present in the

Marshallese.

The increased gamma globulin levels seem to be

incompatible with decreased immunological re-

actions in the aged. It has been suggested that the

increased globulin levels may be partly related to

the development of autoantibodies with age.

Blumenthal and BernssT state that”. . . while anti-

bodies to exogenous antigens decrease with age

there may be an age-related increase in gamma

globulins, presumably containing antibodies to

endogenous substances. ” On the other hand the

changes may be of a compensatory nature. Per-

haps in older people immunoglobulins are con-

served by some mechanisms which tend to decrease

catabolism or excretion. Or the cells still capable

of producing antibodies might be more active. If

it had been possible to study age-related integrity

of plasma cells and other lymphatic and reticulo-

endothelial tissues in these people, further light

might have been shed on the problem. Finally, no

attempt was made in the studies to separate

“normal” older people from those with various

morbid changes (if that is possible). Therefore

some of the age-correlated changes may be associ-

ated with morbid processes. But are not these

processes part of aging? It will be interesting in

titure studies of this population to see whether

longitudinal changes on an individual basis agree

with the cross-sectional results.

Interpretation of the differences between the

exposed and unexposed populations is difficult be-

cause radiation-induced aging is a poorly under-

stood phenomenon. It is generally considered to

be a late effect of radiation, a manifestation of

nonreparable injury, since aging effects are usually

not recognizable early. The relative depression of

the peripheral blood elements in the exposed

Marshallese is probably a continuing manifesta-

tion of incomplete recovery from the hematopoi-

etic injury originally sustained. Therefore, if such

an effect is a part of the aging process, it has been

present since expure, since continuing depression

of blood elements has been noted on annual ex-

aminations. The significant depression of the se-

rum globulins and increase in serum albumens

in the exposed population is a notable finding.

The depression in the gamma and alpha globulins

and particularly in the IgA moiety and to a lesser

extent in the IgG group and the L light chains
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seems to indicate a reduction in relative immuno-

logical capacity or at least lowered antibody re-

serves in the exposed people. The tendency for the

depression of these moieties to be relatively greater

in the older groups may imply a radiation-induced

aging effect. Sirtce such studies were not carried

out earlier, it is not possible to say when these

changes developed. However, at 3 years post ex-

posure, when the people were challenged with

tetanus toxoid, primary and secondary responses

were found not to be significantly different in the

exposed and unexposed populations.5 Also, in

spite of slight depression of blood elements and re-

duced serum globulin levels, the exposed Marshal-

lese people, on the basis of our observations over a

1j-year period since the accident, have shown no

recognizable impairment of immunological capac-

ity as evidenced by the incidence of, or suscepti-

bility to, illness or diseases.ss If the serum protein

changes are a recent development, then such im-

pairment may vet become apparent if the people

are faced with a virulent antigenic challenge in

the future.

The lack of any differences between the exposed

and unexposed people in transformation of lym-

phocytes in response to PHA stimulation is some-

what unexpected in view of the above findings.

However, the lymphocyte levels in the exposed

group have not been depressed as severely as some

of the other blood elements, which indcates that

there may be no significant depression of lympho-

cytes capable of responding to PI-IA stimulation.

ESTIMATION OF INTERNAL BODY BURDENS

OF RADIONUCUDES IN MARSHALLESE

The last evaluation of body burdens of gamma

emitting isotopes in the Marshallese was done in

1965 on 179 Rongelap peoplell in a shadow-shield

whole-body counter with an 11%-in. NaI(Tl) crys-

tal. Radioisotope levels in the exposed and unex -

posed people were indistinguishable by this

method, both groups showing elevated total bod v

burdens of 10 to 20 nCi 1S7CS and 1/ 1000 this

amount of @Co. Also in 1965 radiochemical urine

analyses were done on 24-hr samples from 23

people and on two pooled samples. The results

showed no increase in internal body burdens

since 196 1; therefore, no whole-body counts were

considered necessary during the next 3 years ( 1966-

1969). However, urine samples were collected for

radiochemical analyses* as follows: 24 in 1967, 22

in 1968, and 23 in 1969. The urines were analyzed

first for 1S7CS by gamma spectroscopy by count-

ing the wet ashed samples on top of an 8 x 4-in.

NaI(Tl) crystal. Then the residues were dissolved

and analyzed radiochemically for 137CS and ‘OSr.

Calcium was determined by the oxalate-perman-

ganate titration method.

Because of their high gOSr and IS7CS content.

coconut crabs on Rongelap Atoll have been banned

for use as food. Several crabs were brought back

for radiochemical analysis during the past 3 veam.

Our group at BNL has been given the res~nsi -

bility for monitoring the radioactive body burdens

of the Bikini people when they return to live on

their home island. sg They are now living on Kili

Island, several hundred miles to the south. In

order to obtain base-line data, 24-hr urine samples

were collected from 14 of the people at Kili In

1969 and brought back for radiochemical analyses

Individual results of radiochemical urine anal~-

seson the Rongelap and Bikini people for calcium.

W3r, and lSTCS for 1967, 1968, and 1969 are listed in

“Radiochemical analyses were done at the Enwronmcnt
Studies Division, Healtti and Safety Laboratory, AEC, Xc-
York, by Mr. Edward P. Hardy.

Table 17

Summary of Marshall Island Radiochemical Urine Analvses, 1967-1969

1967 1968 1969

9osr, 137f-&, 9osr, 13713 wsr, 137(-&,

pCi/liter nCi/liter pCi/liter ‘ ‘nCi/hter pCi/liter nCi/liter

Rongelap exposed 4.8 2.5 3,0 2.8 4.9 3.4

Rongelap unexposed 4.8 2.7 5,6 2.8 4.1 2.9

Kili 0.48 0.34



40

Appendix 6. The mean values are given in Table 17.

The mean urinary levels of lsTCs and goSr for 1967-

1969 are definitely lower than for 1965. The 1965/

1969 ratio for 137Cs (nCi\liter) was 6.3/3.2 and

for gOSr (pCi/liter), 10. 1/4.5. Data over the 3-

year period 1967-1969 show some variation in

both W3r and lsTCsTevek for both groups but no

definite increase or decrease; therefore, it seems

justifiable to assume that the body burdens have

not increased but have been roughly constant for

the past 3 years. This indicates a state of equilib-

rium with minimal allowance for biological or

physical decay.

The drop in the urinary excretion levels of

these isotopes suggests an interesting speculation

concerning the influence of change in environ-

mental factors. The lowered levels during the past

3 years might be due to increased consumption of

foods brought in from the outside with lessdepend-

ence on home-grown items. The people received

fallout compensation payments in 1966 and have

had more money to buy imported foods.

The 14 Bikini people living at Kili Island had

urinary levels of 137CS about the same as those of

the Rongelap people living on the non-contami-

nated island of Ebeye and within the range of

those of the Ma~hallese members of the medical

team. The gOSr level of the Bikini group was well

below that of the Ebeye people. Since Kili Island

is far to the south of the Pacific atom bomb prov-

ing ground at Eniwetok and Bikini, there would

be little contamination on that island; hence, as

expected, the people have very low body burdens

of these isotopes. When the people return to

Bikini further tests of body burdens, including

whole-body gamma spectroscopy, will be done on

them and also on the Rongelap people, In prep-

aration for the return of the people Bikini is

undergoing a number of procedures intended to

reduce the radiation contamination greatly.

Among these are clearing away of scrub growth,

planting of new coconut and pandanus trees after

replacement of the top soil in the area, removal of

top soil around the village area and covering with

clean coral, disposal of radioactive materials and

debris from all the islands of the Atolls, and reduc-

ing the coconut crab population. Most of the food

for a long time will be brought from outside.

Therefore, when the people return, the increase in

body burdens is not expected to be anywhere near

that measured in the Rongelap people on return

to their island. The body burdens of radionuclides

Table 18

Radionuclidcs in Coconut Crabs

Year 13~Cs, pCil’kg WSr, pCi/g Ca

1961 1140
1962 1227 (1317; 1086:

1113; 1378)
1964 50,280 ( 39,292; 751 (865: 628;

45,318; 66,234) 780)
1965 1Q,700 724
1969 7,770 (8,540: 7,010) 700 (910; 500)

in the latter remained far below maximum per-

missible levels (see below, under Summary of Past

Findings).

Table 18 shows the levels of lSTCS and gOSr in

the. coconut crabs over the years. The lSTCS levels

have been dropping since 1960. The gOSr levels

showed some reduction between 1961 and 1964

but very little after that. The disparity in reduc-

tion of the two isotopes may be caused by the

molting crabs eating their shed shells, which con-

tain high concentrations of W3r. It is unfortunate

that the high gOSr levels necessitate a continued

ban of this favorite food, but the crabs are a deli-

cacy rather than a dieary staple since they are not

present in great numbers.

HEMATOLOGICAL FINDINGS

Peripheral blood studies were carried out on

both the exposed and unexposed Rongelap people

in 1967 and 1969 and on the exposed only in 1968.

Blood studies were done on the Utirik population

in 1969. Leukocyte and red cell counts were done

electronically by Coulter counter. AA Platelet

counts were done by phase microscopy45 in 1967

and by Coulter counter in 1969.44 Differential

counts were performed on Wright stained smears.

Hematocrits were determined by the microcapil-

Iary method.Ae Sera or plasma samples were col-

lected each year for studies in U.S. laboratories.

The hematological findings for the past 3 years

are summarized in Tables 19 and 20 and in Fig-

ures 38 to 42. Individual counts are tabulated in

Appendix 7 and mean counts over the years in

Appendix 8. Total leukccyte counts in the exposed

Rongelap people still averaged slightly below

those of the unexposed population during the last

3 years, but Iymphocvte counts since 1965 have

averaged slightly higher than the unexposed mean



Table 19

Mean Levels of Peripheral Blood Elements of Populations Under Studv

Plat. ( X 10-3) WBC ( x 10-3) Neut. ( x 10-J)

1967 1969 1967 1968 1969 1967 1968 1969

Rongelap exposed 240 (52)* 176(47) 7.2 (52) 7.0(48) 6.5(53) 3.7 (50) 3.8(48) 3.0(53)

.Ailingnae exposed - 221 (12) 201(10) 6.4 (12) 5.6( 12) 5.8(10) 3.0 (12) 3.8(12)
Utirik exposed

3.2(10)
— — — — 7.5(81) — — 3.8(79)

Rongelap unexposed 259(102) 191(85) 7.3(102) — 6.6(99) 3.9(101) – 3.1(96)
Rorqelap children of

exposed parent (s) 347 (56) 230(34) 9.9 (56) — 9.8(65) 4.7 (55) – 3.9(64)
Rorqelap children of

unexposed parents 355 (63) 241(45) 8.7 (63) – 9.5(85) 3.9 (60) – 4.4(84)

Lvmph. ( x 10-3) Hct. (%) RBC ( XIO-+)

1967 1968 1969 1967 1968 1969 1967 1969

Rongelap exposed 2.8 (50) 2.6(48) 3.0(53) 42.0 (52) 42.0(49) 42.9(51 ) 419 (52) 395(48)

Ailingnae exposed 2.9 (12) 2.2(12) 2.2(10) 38.2 (12) 40.2(12) 38.4(10) 433 (12) 391(10)

Utirik exposed — — 3.2(79) — — 42.3(81) — 437(12)

Rongelap unexposed 2.7(101) — 2.9(96) 41.3(102) — 43.1(99) 422(102) 402(87)

Rorqelap children of

exposed parent (s) 4.1 (55) — 4.9(64) 36.9 (55) — 38.2(65) 410 (56) 398(63)
Rongelap children of

unexpmed parents 3,6 (60) — 4.0(84) 35.5 (63) — 36.9(85) 406 (63) 393(85)

●Number of people in gToup.

Table 20

Percent Differences of Various Hematological Determinations Comparing

Exposed Group With Rongelap Unexposed Group

Plats. Leuks. Neuts. Lymphs

Rongelap

1959

1961

1962

1963

1964

1965

1967

1969

Ailingnae
1959

1961

1962

1963

1964

1965

1967

1969

Urnk

1963

1969

– 5.9

-14.9 ( p<o.ol )

–8.0 (p<O.1 )
– 16.0 (p< O.01)

-4.9

+0.1
–7.7

-7.4

–4.4

–12.6(p<0.1)

– 6.5

–23.4 ( p<O.01 )

+4.8

+24.8 ( p<O.01 )

-12.6

+5.9

+22.7 (p< O.01)
—

– 5.5

– 5.9

–11.1 (p<o.ol)

-3.5

– 10.5 (p<o.05)

+1.4

-1.4

–1.5

–4.8
—

–15.1 (p<o.05)

-6.7

-22.1 ( p<o.02)

-2.7

-12.3

–12.1

—
+ 13.6

–8.2
–6.0

-13.6 ( ,fJ<O.05)

– 4.4

–23.5 ( p<O.01 )
–5.1

–5.1

–3.2

–6.3

– 13.6

–17.7 (p<o.1)

+ 3.9

-26.4 (p<0.1)

-2.6

–23.1 (p<O.1)
+3.2

+ 2.0

+ 22.6

–0.5
–5.5

– 13.0 (p<o.ol)

– 3.9

–1.1

+5.7
+3.7

+3.4

-8.4

+8.1

–11.0

–20.8 (p< O.01)

–11.1

–3.6
+ 7.4

-24.1 ( p< O.02)

–3.2

+ 10.3



.

.
‘A 10
.

-2

$ 6-

m- W NEoTROPHIL5
: 2-

g—
I

,+,, I 11,
=038 24 40 56 ~;
Y

~’1 234567890 ‘112131415
OAYS ro YEARS

TIME AFTER ExPOSURE

Figure 38. Mean neutrophil and white counts of Rongc-
Iap people from the time of exposure through 15 years
post exposure. Stars represent mean values of comparison
population.
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Figure 39. Mean lymphocyte counts of Rongelap people
from time of exposure through 15 years post exposure.
Stars represent mean values of comparison population.
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Figure 40. Mean platelet counts of Rongelap people horn

time of exposure through 15 years post exposure. Stars
represent mean counts of unexposed comparison popu-
lations.

level. Neutrophil levels continued to show a slight

depression in the exposed group, except that in

1969 the smaller Ailingnae group showed a slight

increase. Platelets continued to have the most de-

pressed levels of the peripheral blood elements in

the higher exposure group. Percentage differences
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Figure 41. Percent difference in blood counts of exposed
and unexposed Rongelap people over 1$y’ear period
since accident.
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Figure 42. Cumulative percent d~tribution curves

for blood elements of Rongelap people in 1969.

between the exposed groups and the comparison

population are shown in Table 20 and Figure 41.

Generally higher counts were noted in the pop-

ulation of Utirik, which had received a very low

dose of radiation, but it is difficult to compare the

blood counts in the Utirik population with those

in the Rongelap unexposed groups because of dif-

ferences in environment and possibly in ethnic

background.

Morphological study of blood cells revealed

the continued presence of atypical lymphocytes,

particularly in the exposed population. These cells

are similar in size to large lymphocytes or slightly

larger, the cytoplasm is more basophilic, and the

nucleus is more lightly stained with no indentation

of the nucleus. Atypical forms were present in

27’% of the exposed Rongelap group, 30% of the

children of exposed parents, 1270of the unexposed

population, and 10% of the Utirik population.

The higher incidence in the exposed Rongelap

group could be correlated with radiation exposure,

but the high level in the children of the exposed
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population is difficult to explain. Evidence for

residual bone marrow injury may also be associated

with continued slight depression of the peripheral

blood elements noted above, the finding of bizarre

nuclear forms and binucleated forms in bone mar-

row examinatiory, and a slight increase in inci-

dence of aneuploidy and 2-hit aberrations in

chromosome studies of cultures of the peripheral

blood lymphocytes.

Summary of Findings in Rongelap

People Over the Past 15 Years

The effects of fallout radiation on the exposed

Mamhallese can be categorized as prodomal, acute,

and late effects. Some special studies are also dis-

cussed below.

PRODROMAL RADIATION EFFECTS

During the first 24 to 48 hr after exposure,

about % of the people experienced anorexia and

nausea. A few vomited and had diarrhea, many

also experienced itching and burning of the skin,

and a few complained of Iacrimation and burning

of the eves. None of these symptoms was noted in

the Utirik people (14-rad group). Following this,

the people remained asvmptomatic until about

2 weeks after the accident when cutaneous lesions

and loss of hair developed, due largely to beta ir-

radiation of the skin. It was apparent when the

people were first examined, a few days after ex-

posure, that the lymphocytes were considerably

depressed and that significant doses of radiation

had probably been received. In addition to the

whole-body dose of radiation and the beta irradi-

ation of the skin, radiochemical analyses of the

urine showed that measurable amounts of radio-

active material had also been absorbed internally.

ACUTE EFFECTS

Penetrating Radiatian

One of the earliest findings indicative of a sig-

nificant exposure in these people was lowering of

levels of ltukoqtes and platelets of the peripheral

blood. This was most marked in the 64 people on

Rongelap who had received 175 rads and less so

in the other groups receiving less exposure. The

hemopoietic depression was roughly proportional

to the dose of radiation received. Even in the

157 Utirik pepole who received only an estimated

14 rads, it was possible to distinguish slight plate-

let depression in the group as a whole. The smaller

groups on Ailingnae and Rongerik showed periph-

eral blood levels between those of the high and

low exposure groups. The chronological records

of blood findings in the group exposed on Rongelap

are presented in Figures 38 to 41 and .Appendix 8.

Lymphopcnia of about half the level of the

comparison Marshallese population was evident

when the people exposed on Rongelap were first

examined on their arrival at Kwajalein 3 davs

after exposure (see Figures 39 and 4 1). In children

<5 years of age the lymphocytes dropped to 25 Z

of the levels in the comparison children, but

showed a slight rise during the following weeks.

The lymphocyte level showed a slight increase bv

1 year. In the following year mean counts ap-

proached the levels of the comparison population

but remained slightly below it.

J~eutrophli levels fluctuated considerably during

the first month; possibly this was related to the

prevalence of beta burns of the skin during that

period. Neutrophil depression became evident bv

5 and 6 weeks post exposure (see Figures 38 and

41) with levels reaching about half that of the

comparison population in the adults and sligh[ Iv

lower in the children <5 years of age. This degree

of neutropenia was insufficient to result in an v

apparent increased infectious processes, and. in-

deed, it was noted that neutrophilic Ieukocytosls

was possible in people showing casual infections at

this time. Neutrophil levels recovered more rap-

idly than lymphocyte levels and reached near con-

trol levels by 1 year. Subsequent annual survevs

have revealed that recovery does not appear [o

have been complete, particularly in younger and

older age groups, during the 15-year period.

Early platelet counts showed less fluctuation than

other blood counts and fairly consistently showed

increasing depression, reaching levels of about

30~0 that of the comparison population by the

4th week. A spurt of recovery to about 75 ‘“; (JI

comparison levels occurred during the follow in<

few weeks, which was followed by slower recoverv

but with mean levels never reaching higher than

90 to 95% that of the comparison population du r-

ing the 15 yearn post exposure (see Figures W and

41).

Erythropoietic depression has not been a consist-

ent finding as with the leukocytes and thrombo-



44

cytes. Slight depression of red blood counts, hem-

atocrits, and hemoglobin has been noted at times.

Bone marrow smears taken at 6 months showed no

gross abnormalities. Smears taken at 8,9, and 10

years showed an alteration in the myeloid-eryth-

roid ratio manifested by an increased number of

red cell precumors. Depression of peripheral blood

elements in the Ailingnae and Rongerik groups

was not so pronounced as in the Rongelap group.

However, a slight lag in complete recovery in the

Ailingnae peripheral blood count has also been

noted. The persistent depression of peripheral

blood elements in the exposed people makes it ap-

pear likely that there is slight residual bone mar-

row damage.

A general anemic tendency has been evident in

both exposed and unexposed Marshallese. Price-

Jones curves, on the average, showed a slight

microcytic tendency. Serum iron levels have been

generally normal, and the cause of this anemic

tendency has been undetermined.

Reticuiocyte counts have been about the same in

the exposed as in the unexposed.

Clinicaljndings, except for radiation-induced

lesions of the skin, patchy epilation, and early

gastrointestinal symptoms, revealed no clear-cut

disease process& or symptoms which could be re-

lated directly to radiation effects during the first

few years post exposure. No prophylactic or spe-

cific therapy for radiation effects was ever con-
sidered necessary or given. Epidemics of chicken

pox and measles that occurred during the first

year showed no greater incidence or severity in the

exposed than in the unexposed Marshallese people.

During the first months post exposure about ?4

of the exposed people exhibited loss OJ weight of

several pounds. This may possibly have been re-

lated to their radiation exposure, although it was

difficult to rule out possible effects due to change

of environment.

At 3 years post exposure the immune response to

primary and secondary tetanus antitoxin was

tested and found not to be significantly different

in the exposed compared with the unexposed

populations.

Beta Irradiation of tho Skin

It was impossible to get an accurate estimate of

the radiation dose to the skin. Beta burns of the

skin and epilation appeared about 2 weeks after

expure, largely on parts of the body not covered

by clothing. About 90% of the people exposed on

Rongelap had these burns, and a smaller number

developed spotty epilation of the scalp. Most of

the lesions were superficial; they exhibited pig-

mentation and drv, scaly desquamation, and were

associated with itching and burning sensations.

Rapid healing and repigrnentation followed. Some

lesions were deeper, showed wet desquamation,

and were more painful. A few burns became sec-

ondarily infected and had to be treated with anti-

biotics. Repigmentation of the lesions gradually

took place {n most instances, and the skinappeared

normal within a few weeks. However, in about 15’%0

of the people, deeper lesions, particularly on the

dorsum of the feet, continued to show lack of re-

pigmentation with varying degrees of scarring

and atrophy of the skin.

Numerous histopathological studies have been

made,l,A,s and the changes found have been con-

sistent with radiation damage.

Spotty epilation on the heads was short lived,

regrowth of hair occurring about 3 months after

exposure and complete regrowth of normal hair -

by 6 months. No further evidence of epilation has

been seen.

An interesting observation noted during the

first few months after exposure was the develop-

ment of bluish-brown pigmentation of the semi-

lunar areas of the fingernails and toenails in about

90% of the people exposed on Rongelap. By 6

months this pigmentation had disappeared, hav-

ing grown out with the nail. The cause of this

phenomenon is not known.

Intomal Irradiation

Radiochemical analyses of numerous urine

samples of the exposed population showed inter-

nal absorption of t-doactive materials, pro bablv

brought about largely through eating and drink-

ing contaminated food and water and to a lesser

extent through inhalation. During the first few

days when the body levels were at their highest,

the maximum permissible concentrations were ap-

proached or slightly exceeded only in the case of

strontium-89 and the isotopes of iodine. At tha~

time the concentrations were believed to be too

low to result in any serious effects. Body levels fell

rapidly, so that by 2 and 3 years post exposure

they were far below the accepted maximum per-

missible level; even by 6 months activity in the

urine was barely detectable. No acute effects were

observed that could be related to internal expo-

sures. As seen later, however, the significance of
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the radioiodine absorption from the fallout was

not fully appreciated at the time of the early ex-

aminations. In addition to 1311, the isotopes 1331,

1321 and 1351 contributed significantly to the thv-

roid dose. On the basis of radiochemical urine

analyses several weeks after exposure it was esti- \

mated that the adult thyroid received about 160

rads from radioiodines plus 175 rads gamma. The

smaller glands of the young children, however, re- 1ceived an estimated 700 to 1400 rads plus 175 rads ,

gamma.11

LATE EFFECTS

General Health

Except for growth retardation in some children

and some thyroid abnormalities reviewed below,

the general health of the exposed people has been

good and about the same as that of the unexposed

population. The incidence of the diseases usually

encountered in these people was about the same

in both groups.

Mortality

During the 15 years there have been 16 deaths

in the exposed group ( Rongelap + Ailingnae).

This represents 13.0 deaths per 1000 per annum

compared with 8.3 for the Marshall Islands as a

whole ( 1960). None of these deaths could be at-

tributed directly to radiation exposure. The higher

mortality in the exposed group must be interpreted

with caution since the numbers of people involved

are too small for a sensitive statistical test and

there were more older people in the exposed group.

Fetiility

It has been difficult to evaluate the effects of ex-

posure on fertility. During the early period after

exposure there may have been some relative in-

fertility. However, the birth rate of the exposed

groups over the past 15 years indicates no notice-

able effects on fertility (see Table 7) since it has

been about the same as that of the comparison

population. No radiation-induced sex ratio alter-

ation has been seen.

Miscarriages, Stillbirths, Genetic Effects

The incidence of miscarriages and stillbirths in

the exposed women was about twice that in the

unexposed women during the first 4 years after

exposure. iNo difference has been noted since then

(Table 7). Genetic effects have not been specifi-

cally studied because of the small number of

people involved. However, no apparent radiation-

induced genetic changes have been found on

routine physical examinations in the first-genera-

tion children of exposed parents, with the possible

exception of suggestive evidence of increased mis-

carriages and stillbirths among the exposed women.

Malignancies

Six cases of cancer have developed in the ex-

posed group, all in females, 3 of the genital tract

that resulted in death and 3 of the thyroid gland.

Because the thyroid gland received a larger dose,

the malignancies of that gland cannot be com-

pared directly with the others. Therefore the genital

cancers in the females are less positively related

to radiation exposure. Leukemia surveys, includ-

ing physical findings, studies of leukocyte counts

and morphology, alkaline phosphatase staining,

and basophil counts of 4000 white cells, showed

no evidence of leukemia or leukemic tendency in

any of the exposed people over the 15-vear period.

Degenerative Diseases

Cardiovascular and arthritis surveys, as well as

the general results of physical examination, have

not shown any apparent increased incidence of

degenerative disease in the exposed people. The

Marshallese people appear to have less hyperten-

sion on the whole than is noted in the continental

United States. An increased incidence of diabetes

of the old-age type has been noted in the Mar-

shallese, but no more so in the exposed than in

the unexposed population.

Growth and Development Studies

Anthropometric measurements and radiographic

studies for bone age on the children have revealed

slight retardation in growth and development in

boys exposed on Rongelap at age <12 years, par-

ticularly in those exposed at age 12 to 18 months.

Only slight immaturity was noted in similarly ex-

posed girls. Male children born to exposed parents

have shown slight growth retardation and slightly

lower levels of peripheral blood elements co m-

pared with male children of unexposed parents,

but the latter finding has not been evident since

1963. The slight growth difference did not appear

to justify the conclusion that it is associated with

expmure of the parent. In 1965 marked hypo-

thyroidism with atrophy of the thyroid gland be-



came apparent in 2 boys exposed at 15 months of

age who showed the greatest growth retardation.

High TSH levels indicated a primary injury of

the thyroid. Thyroid function testson several other

children with growth retardation showed evidence

of thyroid deficiency (see below). Preliminary re-

sults of thyroid hormone therapy have indicated

an improvement in growth in some of the children.

Thyroid Firtdings

By far the most significant of the late effects of

fallout exposure noted in these people is a high in-

cidence of thyroid abnormalities. Until the recent

development of these abnormalities in 1965, the

people were considered to be euthyroid and no ab-

normalities of that gland were noted. The Mar-

shallese people were found generally to have high

serum PBI levels and unusually high iodoprotein

values. The latter finding may have masked ear-

lier mild thyroid deficiency. Dietary and urinary

iodine levels had been in the normal range. Serum

cholesterol Ievels were not indicative of thyroid

disease. Thyroid uptake studies were generally

normal but with some peculiarities. In 1963 a thy-

roid nodule was first detected in a 12-vear-old girl,

and since then increasing numbers of thyroid ab-

normalities hatie been noted. Between 1963 and

1966, 18 cases were detected, 15 in children ex-

posed at <10 years of age and 3 in adults. Of

these, 16 involved nodular glands, one of which

was cancerous, and 2 involved complete atrophy

(the growth-retarded boys mentioned above). No

such abnormalities were found in the unexposed

Rongelap children or the slightly exposed Utirik

children, and only a low percentage of nodules

was found in the older unexposed population. The

exposed population was placed on thyroid hor-

mone treatment in 1965. During the past 3 years

further cases have developed; at present among

the 66 exposed Rongelap and Ailingnae people

now living (of the original 82) 3 have developed

malignant lesions of the thyroid, 16 have devel-

oped benign nodules of the thyroid, and 2 have

atrophy of the gland with hypothyroidism. These

findings indicate the seriousness of the exposure to

radioiodines in fallout. The majority of thyroid

lesions have occurred in persons who were <10

years of age when exposed (90% of that group).

Thyroidectomy, partial to complete, has been car-

ried out on 18 Marshallese persons, the first 3 in

Guam and the others in the United States follow-

ing complete study at BNL. The results of these

studies and the pathological findings, gross and

microscopic, have been published in detail. The

slight retardation of growth in some of the exposed

children has been correlated with demonstrable

deficiency of the thyroid hormone associated with

radiation-induced lesions of the 31and. The sup-

plemental thyroid hormone treatment seems to be

promoting skeletal growth in some of these chil-

dren. A review of the case histories indicated a pos-

sible influence of puberty and pregnancy on the

development of the thyroid lesions. The calculated

risk of malignant lesions of the thyroid in the ex-

posed .Marshallese varied between 3 and 10 cases

per 106 persons per rad per year for the different

age groups. On the basis of these few cases, the

risk of thyroid cancer from radioiodine exposure

does not appear to be very different from that re-

ported in persons following x-irradiation of the

neck region in childhood.

Eye Findings

Ophthalmological surveys showed no remark-”

able differences between the exposed and unex-

posed groups except possibly for a slightly greater

incidence of ptervgia, pingueculae, and corneal

scars and pigmentations in the exposed group. It is

not known whether these findings are of any sig-

nificance in relation to radiation exposure. As a

whole, visual and accommodation levels in the

Marshallese appear to be above the average in the

U.S. population. In 1967 slit-lamp examinations of

the lens showed a greater incidence of polychro-

matic sheen and Ienticular opacities in the exposed

than in the nonexposed population. The differences

were not thought to be significant, particularly in

view of the higher mean age of the exposed group.

In 1969 minute flecks of the optic lens were enu-

merated in the Marshallese. (In mice low doses of

ionizing radiation cause the number of flecks to in-

crease significantly above that expected on the basis

of age alone. ) In both exposed and nonexposed

Marshallese the number of flecks increased with

increasing age. The exposed females who were

adolescent at the time of exposure had consider-

ably higher fleck counts than comparably aged

unexposed females. Preadolescent exposed males

had fleck counts twice those in nonexposed males.

The presence of these flecks was not thought to

imply any likelihood of reduction in visual func-

tion. It was suggested that variation in sex hor-

mones might play a role in radiosensitivity of the

lens.
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Aging Studies

on recovery of acute beta burns some 20 ex-

posed Marshallese continued to show residual

scarring, atrophy, and pigment changes, and

biopsy studies r=vealed residual microscopic

changes. However, at no time have any of the le-

sions developed into chronic radiation dermatitis

or shown any evidence either grossly or histologi-

cally of malignant change. An increased number

of benign pigmented maculae and moles have

been noted in previously irradiated areas of the

skin, particularly in the neck region.

Hematological Findings

Mean peripheral blood counts in the Marshal-

lese exposed group have tended to remain below

those of the unexposed group following the initial

acute depression. A slight degree of depression of

white cells and platelets has consistently persisted

(Figure 41). This implies a residual radiation effect

on the bone marrow. Other evidence in support of

this was the finding, on bone maxrow examination

of some of the exposed people, of an alteration in

the myeloid-erythroid ratio (increased red cell pre-

cursors), presence of cells with abnormal chroma-

tin material and double nuclei, and also increased

mitosis. Examination of peripheral blood smears

revealed increased numbers of atypical lympho-

cytes in the exposed group and an unexplained in-

crease in these forms in the children of exposed

parents. Also, chromosome studies of lymphocytes

in cultured peripheral blood at 10 years post expo-

sure revealed a high incidence of aneuploid cells

and 2-hit aberrations in the blood of the exposed

group.

Dental Findings

Dental examinations showed no significant dif-

ferences in caries rate between exposed and unex-

posed groups. However, the incidence and severity

of peridontaI duease was slightly greater in the ex-

posed group. It is not known whether this finding

is related to radiation exposure. The poor oral

hygiene generally observed in the Marshallese

resulted in a high caries rate in the teenage chil-

dren, severe periodontal lesions in the adults (heavy

calculus and loss of alveolar bone), and edentulous

mouths in the aged. Radiation exposure did not

appear to have affected developing dentition in

the exposed children.

Aging studies have been included in several an-

nual surveys to detect the possible influence of

radiation on development of premature aging. In

the earlier studies various parameters usually as-

sociated with aging were measured at the time of

phvsical examination. The values of some of the

paran-. eters were estimated and scored on a O to

4 + scale (such as graving of the hair, senile

changes of the skin, balding, etc.), and the values

of others were measured (skin looseness, skin

elasticity, accommodation of the eves, visual acuity,

arcus senilis, hearing, blood pressure, neuromus-

cular function, hand strength, vibratorv sense,

neuromuscular reaction time, body potassium by

spectrographic analysis, etc.). Comparison of these

values in exposed and unexposed individuals of

the same age showed no apparent difference. Most

of the measurements showed varying degrees of

correlation with aging. A biological age score was

calculated for individuals and groups by use of an

average percentage score. During the 1967 and

1968 surveys the age-related and/or radiation-

induced aging effect on immunological compe-

tence was tested in 100 unexposed and 50 exposed

people (Figures 34 to 37). In the unexposed group

decreasing immunological competence with aging

was indicated by decreasing percentage transfor-

mation of peripheral blood lymphocytes by phvto-

hemagglutinin stimulation, indicating decreasing

immunological competence of lymphocytes; and

by significant increase in gamma globulin, reflected

also in increases in IgC and IgA immunoglobulins

and K light chains. These latter findings were be-

lieved to be associated with age-accumulated ef-

fects of repeated infections and perhaps also with

increased auto immune reactions.

The irradiated population exhibited certain

significant differences from the unexposed popula-

tion which may indicate radiation effects. They

had relative depression of platelet and neutrophil

levels of the peripheral blood. As pointed out be-

fore, some slight degree of depression of periph-

eral blood elements has, however, been noted since

exposure. Compared with the unexposed popula-

tion the exposed group was also found to have re-

duced gamma globulin levels (including IgG, IgA,

and K light chains on immunodiffusion analysis),

more pronounced in older age groups, which may

indicate a radiation-induced aging effect. Evidence,

however, for relative loss of immunological capac-



48

ity in the exposed population, compared with the

unexposed, has not been found on the basis of in-

cidence or severity of diseases.

Absorption of Radionuclides From Environment

A low level of radioactive fallout contamina-

tion has persisted on Rongelap. Body burdens of

the Rongelapese were evaluated by radiochemical

urine analyses until 1957, when gamma spectros-

copy by use of a low-level counting chamber was

added to the techniques of radiochemical analysis.

The return of the Rongelapese in 1957 to their

home island (which after careful survey was con-

sidered safe for habitation, despite a persisting low

level of radioactive contamination) was reflected

in a rise in their body burdens and urinary excre-

tion of certain radionuclides. During 4 years

after the original contaminating event, additional

weapons tests held in the area contributed slightly

to the fission products in the environment. Since

their diet-includes a variety of imported foods, the

people may have been delayed in reaching equi-

librium with the environmental fission products.

Body burdens of gamma-emitting fission prod-

ucts (such as 13TCSand GsZn) were measured in a

whole-body coqnter and checked by radiochemical

analysis of urine specimens. The levels of internal

contamination per unit weight appeared to be

about the same for juveniles as for adults, male

and female, but wide variations in levels were

found, apparently due to differences in diet,

metabolism, and age.

Body burdens of gOSr were estimated from

urinary excretion as determined by radiochemical

analyses. Both the exterml dose measurements on

Rongelap Island and the levels of radioactive iso-

topes in the food on the island indicated that some

increase in 137CS, 65Zn, and WSr body burdens

was to be expected when the people returned

there in 1957. The 137Csbody burden in 1958 was

about 0.68 pCi, about 60 times as great as in 1957,

and the urinary lSTCS level t-me by a factor of 140;

the mean body burden for 1959 was 0.57 pCi. The

mean body burden of G3Zn estimated from whole-

body counting data in 1958, after the return to

Rongelap, was 0.36 ~Ci, 8 times as high as in 1957,

and 0.44 pCi in 1959. In 1961 the mean 13TCS

body burden was 0.67 pCi, which is slightly higher

than that of a similar group obtained in 1959; it

was 300 times that of the medical team, measured

at the same time for comparison. It appeared at

this time that the people were approaching equi-

librium with their environment. The 65Zn level

dropped to 0.071 pCi in 1959. With a larger de-

tector and a longer counting time than previously

employed, it was possible to identify and quantify

60C0 forthe firsttime in these people; the mean

level of GOCO was about 11% of the 65Zn level

(7.6 nCi). A small amount of residual activity re-

mained after subtraction of 40K and the above

radionuclides from the total spectrum. In 1960 the

mean level of urinary excretion of 90Sr was 7.2

pCi/liter, 14% higher than in 1959. In 1962 the

mean urinary ‘OSr level was 114 pCi/g Ca, giving

an estimated body burden of 12.0 nCi. Analysis of

bone samples from a deceased Rongelap woman

( 1962) gave an estimated body burden of 11.4 nCi.

These levels represent about a 6-fold increase in
~Sr over the 1958 levels. The levels of ‘o.% in

1962 and 1963 hovered around the 12.O-nCi level

in adults and about 22 nCi in children, about 5

and 10970respectively of the maximum permissible

level (for members of the population at large).

The bone marrow dose from natural and resid- “

ual radiation sources was estimated in 1958. a oeak

year, to be as follows:

Internal
~Sr ( I I nCi body burden)
137CS + 65zn

,Natural (40K, etc.)

External
Residual gamma (0.03 mr/hr)
Natural (co3mic, etc.)

Total

,1

Dose to bone marrow,
mrad)vr

11,3
120,0

44
175

250
134

384

559

It thus appeared that by the early 1960’s the

body burdens of WSr and lSTCS in the Rongelap

population had reached equilibrium with the en-

vironment. Little or none of the body burden in

the exposed people at that time could be con-

sidered residual from the initial exposure, since

little difference was noted between the body bur-

dens of the exposed and unexposed groups living

on Rongelap Island.

Radiochemical analyses of urine collected dur-

ing the 1967-1969 surveys showed levels of 13TCS

and gOSr definitely lower than in 1965. I t is spec-

ulated that these lowered levels may be explained

on the basis of greater consumption of imported

food with less dependence on home-grown items.
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The W3r content of cmonut crabs has not become

sufficiently lower over the years to allow lifting of

the ban on eating them.

Since we have been assigned the responsibility

of monitoring the bodv burdens of radioactive

materials in the Bikini people when they return to

their home island from Kili, radiochemical urine

analyses were done on 14 Bikini people in 1969.59

.4s expected, the levels of lSTCS and 90Sr were

quite low. In view of the radiological decontami-

nation being done on Bikini in anticipation of

their return, no significant increase in bodv bur-

dens of the people is likely to occur.

SPECIAL STUDIES

Genetically Inherited Characteristics;
Blood Grouping Studies

.4 large body of data has been collected from

genetic studies on the Marshallese people. The re-

sults not only are of great anthropological interest

but also may show in time some possible genetic

effects of radiation exposure in future generations.

Bloodgrouping studies show that the Marshallese

have a relatively high B gene frequency, a high N

gene frequency, an extremely high RI gene fre-

quency, and total absence of Ken and Diego

factors.~o These characteristics differ from those of

Polynesians and suggest a relationship of the

Marshallese people with Southeast Asians and

Indonesians. Haptoglobin studies showed a fre-

quency of the Hpl gene higher than in European

populations thus far tested and consistent with

that of populations living near the equator. The

distribution of haptoglobin types showed the pop-

ulation to be relatively homogeneous.Gl Transfin’ns

in all sera were type CC, the common European

tvpe.Gl ~- Aminoisobutyric acid urinary levels

showed the Marshallese to be the highest excretet-s

of this acid of any population thus far reported.62$3

Levels in the exposed group were about the same

as in the unexposed group, and no correlation was

found with body burden level of radionuclides;

this indicates that there is probably no correlation

with radiation exposure. Hemoglobin ~pes were con-
sidered normal (all had type AA2). Sickling tests

showed no sickling tendency in any of the people.

G[ucose-6-phosphate dehydrogenase of the red cells ap-

peared to be normal in the Marshallese. Studies of

Gm pheno~pes showed the Marshallese to have

10070 Gin@+ 1)and nearly 1007. Gm@+J. There was

a complete absence of GmX and a high frequency

of Gin-like (GmC).sA Serum studies for the Ag svs-

tem reveal that the Rongelapese compared with

other world populations have a high frequency of

C.deB. antiserum reactors and a low frequency of

New York antiserum reactors.Gs Considerable

caution must be exercised in evaluating the results

of these studies on genetically inherited character-

istics because of the small number of samples

tested. The data do seem to indicate relative

homogeneity of the population and closest kinship

with people of Southeast Asia. These data also

may be useful as a base line, should genetic changes

appear in later generations, possiblv related to

radiation exposure.

Other laboratory Studies

Serum protein levels were generally on the high

side of normal; electrophoretic patterns showed

the increase in proteins to be due largely to an in-

crease in the gamma globulin fraction (see Aging

Studies). The reason for this is not apparent. Nu-

merous chronic infections may be an explanation.

Sodium leuels in the urine and food indicated

about the same consumption of LNaCl as in Amer-

icans. The generally lower incidence of hyper-

tension in the Marshallese might be related to the

fact that the former native diet was probablv lower

in salt content than the present more Westernized

diet.GG It will be interesting to see whether the in-

cidence of hypertension will later increase.

Serum cholesterol [eue[s ( 1957, 1959) were some-

what lower in the exposed population than in the

comparison or Utirik populations but were in the

low normal range. No abnormally high or low

readings were noted.

Serum crcatinine levels ( 1957) were in the normal

range with no abnormal levels noted.

Serum uitamm B12 concentrations ( 1958, 1959)

were generally significantly higher than American

levels. The possibility of contamination of the

samples with bacteria producing vitamin B12 must

be considered, since myeloproliferative and liver

diseases were not seen.

Fo[ic acid levels were found to be somewhat low

in the Rongeiap population and probably reflected

low dietary folic acid.

Glucosuria and elevated blood sugar were found in a

number of Rongelap people. A relatively high

incidence of diabetes is prevalent in the Marshal-

lese people.

A survey for intestinal parasites ( 1958) showed

757o of the people to be infected with various
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types.G7 For the three major pathogens found, the

overall infection rates were: Entamoeba histolytica,

18.2’-ZO;hookworm, 5.5%; and Trichuris trzchiura,

34.3’%.
Eosinophifia (> 5910)has consistently been noted

in about half the people. The fact that half the

cases with eosinophilia showed no helminthic in-

fections at all suggests that other factors besides

parasitic infections must be responsible. The

eosinophilia may be related to chronic fungus and

other infections, particularly of the skin.

Complement fixation studies for parainfiuenza 1, 2,

and 3, respiratory syncitial, psittacosis, and Qfever

showed antibodies to all groups of viruses except

that for Asian influenza, which probably had not

yet seriously involved the people of the Marshall

Islands. The antibody titem appeared to be some-

what lower in the exposed people.

Imm unoelectropfsoretic ana~sis showed neither a

paraproteinemia nor a typical picture of antibody-

deficiency syndrome, but a high frequencv of in-

creases of some of the immunoglobulins was noted.

Blood volume studies with 31Cr-labeled sodium

chromate showed a significant reduction in red

cell mass and/or plasma volume. However, there

is some indication that Americans living in the

Islands for moty than 1 year may also have slightly

lowered values. Tritiated water has been used to

establish the relationship of blood volume to lean

body mass.
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APPENDIX 1

Pediatric Anthropometric Oata (Height ancl Ueight) on Rongelap Exposed Children,

1965 through 1969

1965 1966 1967 1968 1969

Age Zt Birth Ht Vt Ht Wt Ht Wt Ht Wt Ht Wt
No. Sex Exposure Date Cm lb cm lb cm lb cm lb cm lb

83 M In utero 618154 137 74 144 86
84 H
85 M
86 F
54 M
65 F

5M
3M
2M
6* M
8* F

33 F
42 F
21 F
17 F
23 M
32 M
44* M

69 F
19 M
48* F

72 F
15 F
20 M
36 M
61 F

,, ,,
,, ,,
,, ,,

ly
lY2m
ly4m
ly5m
ly4m
ly4m
ly8m
ly7m
3y
3y
3y4m
3y5m
3y6m
4y
3y7m
5y2m
5y8m
7y
7y
6-y9nI
7y4m
8y

5131/54
9/17/54

10/17/54
2f21f53

12152
10152
9/52

10/52
10152
6152
7152
3/51
3/51
10/50
9/50
8150
3/50
7/50
1/49
6148
3/47
3/47
5/47
10j46
3146

129 64
129 67
126 $3
145 89
130 59
116 54
117 80
138 71
132 68
147 90
156 100
145 80

155 110
154 102
141 76

158 109
155 93
155 116
157 136
159 115
162 119
166 136
155 166

133
..-

131
152
136
122
125
144
138
154
159
148
150
157

148
156
160
---

155

65
65
---

101
70
56
63
80
79
96
106
81
96
105

88
98

114
103
115

138 71
137 69
138 67
159 112
141 77
127 66
133 71
148 91
145 90
153 96
161 109
149 92
150 102
157 115
166 136
156 102
161 110

141
141
144
165

132
140
159
154
153
160
149
150
158
169
161

158 103

77
71
76

123

73
97

110
100
100
114
95
101
116
140
116

148 ---
145 ---
147 ---
166 135
145 90
143 ---
148 ---
164 l~o

157 113
154 ---
160 ---
149 96
151 ---
158 118
169 1+8
163 121

*Ailingnae Group
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Pediatric Anthropometric Data (Height and Weight) on Rongelap Unexposed Children

1965 thrcugh 1969

1965 1966 1967 1968 1969
Birth Ht —Wt Ht Wt Ht— Wt Ht — Wt Ht — Wt

No. Sex Date cm lb cm :. b cm lb cm lb cm lb

801 M

802 M
803 M
805 F
806 N
807 M
808 F
809 M
810 F
811 F
812 F
813 M
814 M
815 M
816 F
817 M
818 M
819 M
820 N
821 F
863 F!
866 F
870 ?4
879 F
891 F
892 M
900 F
901 F
902 F
903 F
904 u
905 M
906 F
909 F
911 F
912 M
913 M
919 M
921 M
923 F
924 M
925 F
926 F
930 F
931 M
937 F
939 M
940 M
946
952 :
954 F

6129j.T6

3116i56
3f18i56
2/25154
Ii /55
6113155
3/29}55
6118]56
215155
2114154
2/ /54
112154
415152
5/4/50
10/31/49
10/19/50
3/4/51
12115i48
10125148
8~1147
6125150
7/ /55
2121156
4/ /54
5/15148
7/17146
7/ /57
7j12f57
10123/57
11/19/57
12122157
10123157
311158
3/11/50
3j8153
611153
3127/51
319/48
10I1U53
619155

/55
5/4/50
2j26f51
414156

154
/53

1/10/46
9/19/48

10/6/50
9/26/56
6/ /56

114

123
123
135
126
120
132
128
137
130
132
131
140
159
153

44

52
50
71
56
45
67
51
63
65
114
61
77
105
110

133 66 143 110

126
..-

64
123
71
---

101
---

99
131
135

133

132

144 “
103
---

148 97 158
155
128
147
145
154
146
155
154
161
166

129
145
137

54
103
57

143
145
139

90
83
73

165 120

170 161
153
168
164
--

157
125
127
131
153
161
126
117
116
111
118
112
113
142
142
135
147

91
134
125
132
109
54
53
60
97

121
51
49
45
43
49
39
39
94

91
63
86

175

165

163
139
135
145
153

130
70
63
82
100

164
149
144

138
126

68
62 127 81

122
129

48
62

133 50
138 71
126 ---
132 63123

143
146

48
99
120

158
140
129
126
149
157

92
73
61
57
105
108

130
121

64
51

154 101
141 76

149 114
159 ---

153 ---

146
146
125
127
143
165
159
150
119
112

90
84
56
58
87
153
116
100
48
41

141
157

78
125

160

151
126
124

121

113
55
51

135 ---
134 ---
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Pediatric Anthropometric Oata (Height and Weight) on Rongelap Unexposed Children

1965 through 1969 (cent’d)

1965 1966 1967 1968 1969
Pirth Ht —Wt Ht— Wt Ht— Wt Ht — Wt Ht — Wt

No. Sex Data cm lb cm lb cm lb cm lb cm lb

955
960
962
972
976
978
979
980
981
988
992
993
995
996
998
1002
1004
1006
1008
1009
1010
1011
1013
1014
1015
1017
1018
1019
1020
1021
1022
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1044
1046
1049

F
F
F
M
M
F
F
F
M
F
F
F
F
F
F
M
M
M

M
M
F
M

M
M
M
M
F
F
F
F
M
F
F
M
M
F
M
F
M
M
F
F
M
M
M
M
M
F
M
M

5/11/52
12/5/51
11/3/52
7/1/55
10/19/47
10/20/50
6/5/55
10/3/52
8/8/5h
7/ /54
8/14/57
2/25/h7
3i19157
l/16/53
6f12/i+7
3/22/55
5/31/58
8/12/58

/58
1/22/59
l/27f59
3/9/59

/60
/62

i2f31/60
/62

3/17/60
1/18/60
7115/59
5111/59
11/20/59
11113/59
6/13/59
5]28/60
12/7/60
2/22/61
3/8/61
3/26/61
1/5/61
4/7/60

/50
/62
/49
/50

9/18/61
10/31/61
12/18/61
9/24/61
9/17/62

10/9/62
/61

150
150
135
126
167
154
117
148
128

156
114
140
---

109
111
104
104
104
102
95
115
101

---
102
105
105
99
104
94
---

98
96

102
98
155
119
148
141
---

93
---

95
---

105

104
108
70
51
167
115
46
94
55

123
47
76
124

42
42
36
41
37
37
32
42
37

34

31
36
35
42
32
34
30
31
35
32
35
32
126
44
112
76
28
33
26
33
24

40

152
152
147
133

129
151
136
143

147

125
119

1lL

107
127

116
110
111

115

110
116

105
109

113
106
157
130
148
156
103
104
100

---
90

116

123
116
98
59

57
106
61
81

95

56
50

46

40
50

43
41
44

45

40
40

34
42

42
37
147
54
126
99
35
40
31

30
28
49

152

150
143

141
153
147

138

131
148

132

126
121
122
119

134
122
125
121
120
123
124
123

118
126
114
117
119

124
115

L48

112
112
110

125

120

119
.-.

---
---

81

70

110

63

54
---

54

58
---

51
48
54
---
---

53

---

53
---
..-

51

54
-..

---

42
50

37

36
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Pediatric Anthropometric Data (Height and Weight) on Rongelap Unexposed Children
1965 through 1969 (cent’d)

1965 1966 1967 1968 1969
Birth Ht —Wt Ht — Wt Ht— Ut Ht — Wt Ht —Wt

No. Sex Date cm lb cm lb cm lb cm lb— cm lb

1052
1053
1054
1056
1057
1058
1059
1060
1062
1063
1064
1065
1066
1067
1068
1069
1070
1072
1074
1075
1076
1077
1078
1079
1080
1082
1084
1088
1089
1091
1092
1093
1094
1095

M /53
M /56
M 11/29/63
M 3/4/64
F 8/4/63
M 1/16/64
M 5/ /64
F 7/ /64
M 8/ /64
M 10/ /64
M 7/ /64
F 9/ /63
F 4/ /63
M 10/ /61
M 4/ /63
F 3/ /65
F 71 /65
?410/ /65
M 6/ /66
F 6/ /66
M 6/ /66
M If 67
E’ 2/ /67
M I /66
F / -/63
M 10/ /66
1? 3/1/67
M 2/2/68
?4 3/16/68

M 8/14/68
M 10/4/67

M 8/2/67
F 10/8/67

F 3/ /68

140
106
---
---
75

---

..-
---
---

82
39
22
17
23
18
17
16
18
16

155

90
90
88
82

84
---

94
93
99
88
---
---
---
---
---
---
---

82
100

121

30
32
24
22

24
28

34
29
32
30
24
23
20
19
19
16
11

26
36

126 57
100 ---
105 39

98 29

--- 33
97 37
92 27
107 ---
103 32
109 37

97 30
112 31
86 26

81 24

--- 22

109 ---
--- 27
--- 26
--- 21
--- 21
--- 19
--- 25
77 22

--- 19
75 20
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Pediatric Anthropometric Data (Height and Weight) on Children Born to Exposed Parents

1965 through 1969

1965 1966 1967 1968 1969
Birth Ht —Wt Ht — Wt Ht— iit Ht — Wt Ht —

No. Se’x Date
Wt

cm lb cm lb cm lb cm lb— cm lb

87 F 10I17I5L+
88 M 9/8/55
89 ?412/28/55
90 M 11/29/55
91 H 113/55
92 F 3/16/56
93 M 2/17/57
94 F 10/ /56
95 F 2/5/56
96 M 2/12/58
97 H lo131/57
98 M 3/5/58

100 F 4/26/56
101 F 4/24/58
102 M 3/16~58
103 F 5/28/58
104 M 10/2/58
105 F 10/9/58
106 F 3fll159
108 M 1/7/60
109 ?4 l/7/60
110 M 12/5/59
111 M 5/24/59
112 F 6/J/59
113 M 2/27/61
115 M 8/16/60
116 M 5/15/60
117 F 3/28/61
118 M 11;25/60
119 F 7/19/60
120 F 6/27/60
121 F 6/7/60
122 1? 4/12/60
123 F 11/26/61
124 F 10/23/61
125 F 6/ /61
126 M 9/26/61
127 F 5/17/62
128 F 1/30/63
130 M 4/19/63
131 !410/28/63
132 M f /63
134 F 5/ /63
135 F 9/10/62
136 J? 3/ /63
137 F 8/ /64
138 F 9/ /64
139 1?12/ /64
141 M 3/ /65
142 M 3/ /63

124
12h
120
129
129
121
122
112

54
59
50
61
60
51
51
45

136
134
129
138
138
-...

131
120
133
121
128

66
73
60
72
71
62
61
51
60
58
56

148
145
138
146
153
142
139
134
149
---

138

---
98
74
86
99

-..

74
---
---

71
---

---
---
---

59
---
---

6i
55
---

57
49
52

---
---

46
---

62

50

50
45
42
---
---
---

39
41

---

27
27

32
---

113 48

105
122
110

40
52
43

133
122
126
122
119
122
119
118
119
115
112
112
110
107
114
111
108
108
113
98
111
103
104
109
104
97
95
92

70
51
51
47
46
53
50
47
---

64
40
43
40
42
42
39
40
41
48
33
40
36
36
40
37
34
31
29

145
132
135
131
127
132
128
127
128
124
121
122
120
116
123

111
109
112
107
109
107
104
102
101
98
95

102

40
38
44
38
38
44
38
31
34
33
37
40

98
97
100

33
36
37

117
118
123

99
88
92
95

---
---
---
---
---
---
---
---

34
29
30
32
29
27
23
19
21
21
25
14

121

119
116
110
109
100
104
105
109

92 31

80
95

22
31 106

96
91

14
14
12

---
---
---

81 21

24
30

94
108

---
96
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Pediatric Anthropometric Data (Height and Weight) on Children Born to Exposed Parents

1965 through 1969 (Cent’d)

1965 1966 1967 1968 1969
Birth Ht— Wt Ht — Wt Ht— Wt Ht — Wt

No. Sex
Ht — Wt

Ikte . cm lb cm lb cm lb cm lb cm lb

143 F
144 F

145 F
149 F
150 M
152 F
153 F
154 F
155 M
156 F
157 M
163 M
165
166 ;
168 M
172 M
173 F

12/14/64 --- 9
4/22/63

3/30/64 71 21
3/30/65
1/12/66
6/ /65
6/31/66
9/15/66

11/22/66
2/20/67
4/23/65
2/ /67
5/ /67
7/ /68
7/22/66

11/20/68
3/9/17

81 23
--- 31

97
--- 19
--- 20

---
-..

--- 16
83

--- 10 83
--- 20

77
---
---

---
---

35

32
19

26
25

24
26
16
27 $
16
26
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Appendix 2

RESULTS OF CULTURE FAIR INTELLIGENCE TEST
(SCALE 2 FORMA) 1969

— EBEYE GROUP RONGELAP GROUP

Subject Age Raw Subject Age bw
(Initial) (Yrs. Flos. ) Sex Score (Study No. ) (Yrs. Mos. ) Sex Score

M.L.

J.B.

Cc.

R.P.

J.O.

K.B.

T.K.

F.C.

H.Fi.

R.P,

M. R,L.

K.B.

L,L.

S.A.

R.L.

R.R.

M.H.

I.A.

E.A.

16 1

15 9

15 11

16 11

16 4

11 8

15 6

15 5

16 0

13 10

16 9

15 9

14 3

17 2

15 8

17 1

15 11

17 2

13 10

M

M

M

M

M

n

M

M

M

F

F

M

M

M

F

F

F

F

F

20

22

29

24

31

27

23

21

25

29

16

25

34

17

29

26

22

21

27

2

6

15

42

47

48

53

61

65

88

93

811

813

814

816

821

921

959

960
981
966

1523
1529

823

16

16

22

18

23

20

23

23

16

13

12

15

15

16

19

21

15

20

17
14
14
23
23
25

5

5

0

0

6

10

3

0

3

6

1

1

2

11

5

7

5

7

3
7

7

M

M

F

F

M

F

F

F

F

M

M

F

M

M

F

F

M

F

M

M

F

M

M

M

12

22

11

16

20

10

14

9

8

8

12

15

9

18

16

15

11

15

13
13
10
21
10
15

For the 14-year age group (13 yre. 9 mm. to adult) a total raw score of
25 standa at the 20th percentile and a total raw score of 30 stands at the

44th percentile.
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Appendix 3

Individual Lens SCOrCS (Fleck counts)

Males Female-s

I.D. = Score .4ge I.D. # Score
—

1523 4
1529 20
823 9

827 4

830 14

Non-exposed

813 11 15
921 15
931 ; 15
981 0 15

15
16

814 3 17
1533 0 17

18
18
18
19
20
21
21
22
23
23
25
27
27
29
30
30
31
31
33
33
34
34

811
812
1534

805
996

1035
926
960
816
959
821
891
993

1525

825
896
829
938
832
1505
1050
1528
934
1043

0
0
3
8
4
28

2
3
2
0
0
3
75
33

19
56
I
2
34
25
5

23
28
0
4

Appendix 3 (continued)

Individual Lens scor~ (Fleck count)

Males Females

I.D. # Score Age I.D. # Score

834

882
836
833
1005
966
920
881
840
1526

1527
864
944

842
868
880
1517
849

1007

948
878
915

3

13
0
I
o
19
22
5
55
51

17
16
160

48
73

2
60
0

17

5
29
5

34
34
35
35
36
36

36
36
37
37
37
39
40
41
43
43
44
44
45
46
48
49
50
55
58
60
60
61
69
72
76

932
914
1001
835
841
865

1520
843
867

922
945

846
982

844
970

956
851
957

859

35
47
13
45
~

48

l?

90
24

1
265

11
0

10
3

21
53
~~

80
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.4ppendix 3 (continued)

Individual Lens Scores (Fleck count )

Males Females

I.D. ~ Score _ Agc I.D. # score

5

3
2

36
47
76
35

73
37

9
10

27

40

7

4
79
68
11
82

0

35
5

4
18
9
2

12
24

5
0

35

19-

17

24
9
0
0
5

Expose dto 175r

15 86
16 33
16 65
17
18 42
18 21
21 72
22 15
23 61
26
28 24
30 39
31 74
32 22
33 12
35
36 18
37
39
40 14
41
43 71
44
45 64
45 66
51 63
52 78
53
54
59
65
65
74 58

0
lr2

o

13
0
2

35
5

66
68
5
19
67

35

5

14

42
33
18
80

0

.4ppendlx 3 (continued)

Individual Lens Scores (Fleck count)

Males Females

I.D. ~ score Age I.D. ai Score

2245

2144

2235

2156

2250

2165

2234

2252

84
6

16
41

4

11
7

15
25

8
0

35

20
14

13
23

Ex posed to14r

15
17 2226

18 2171
19 2159
21 2209
22
23 2128
24
26
27
28
31 2249
39 2117
54

Exposed to 70r

15
15
16 8
21 48
23 53
23 81
30 70
47 45
54
59
69 1

4

I

20
80

0

II

60

I()
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Age
Patient Age at Abnormality PBI, T4* , Cholesterol
Number Exposure Sex Thyroid Status Noted 1965 1966 1967 1968 1969 1965 1966 1967 1968 1969 Remarks

32 3 M

42 3 F

Negat ive 4.6 3.0
40-

5.7

--l
4.6

4.0 6.2— 74 130

Adenomatoua nodules
Subtotal thyroid-
ectomy 1966

M 6.o 14.1 196 Considerably below average
7.3. statural ranking

23 4

69 4

M Adenomatous nodules

Subtotal thyroid-
ectomy 1968

16

14

17

23- I4.5 1 4—_ 188

I7.1 5.7
1.7—

5.3

d

3.0 3 7 5.—A

F

F

Adenomatous nodules
Subtotal thyroid-
ectomy 1964

72
I

6 128 156 Thyroid had adenomatous
nodules also

Carcinoma fOllic-
ular-papiliary; cOm-
plete thyroidectomy
1969

m(d

15

20

7

7

6.4

A

34 6 6 9.--
3.

137 194F Adenomatous nodules
Subtotal thyroid-
ectomy 1969

21

-J6. 49
4.

-M Adenomstous nodules
Subtotal thyroid-
ectomy 1965

18 Below average statural
rank ing

36 7 1224.1 4.2
43- -42.6 2.—M Adenomatous nodules

Adenoms, subtotal
‘thyroidectomy 1969

A PBI in 1963 was 2.7 ~g%

47

61

8

8

M

F

Negative 5.3 4.5——

6.4 7.9

J

11.6
4.7 3.8—

174

Adenomstous nodules
Subtotal thyroid-
ectomy 1966

19

*T-4 underlined rurgery



I

Age

Pat ient Age at Abnormality PBI, T4*
Number

Cholesterol
Exposure Sex Thyroid Status Noted 1965 1966 1967 1968 1969 1965 1966 1967 1968 1969 Remarks

76

75

24

35

67

39

49

74

22

12

l-l

37

18

9

10

14

11

12

13

13

14

15

15

16

17

18

18

20

21

22

24

25

*T-4 underlined

M

F

F

M

F

F

F

F

F

F

M

M

F

M

M

F

Negative (?) 4.4 5.6 ‘

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Carcinoma follic- 34
ular: complete
thyroidectomy 1969

Negative

Negative

Negative

~.rgery

4.6

6.6

11.9

8.4

5.3

11.7

8.3

7.1

3.1 Diffuse hypertrophy of—
thyroid 1969 T-4 3.1

8.1
6.7—

216

3.0

6.8

6.2

6.6

3.0—

6.7
6.9.

10.7

11.6
72-

39-

I

177

16L

250

I



Age
Patient Age at Abnormality PBI, T4* Cholesterol
Number Exposure Sex Thyroid Status Noted 1965 1966 196,7 1968 1969 1965 1966 1967 1968 1969 Remarks

27

77

71

40

64

66

7
,

6‘!E

78

4

79

68

34

80

11

82

60

26

26

28

29

30

30

36

36

37

38

39

44

45

46

50

50

56

58 59
*T-4 underlined

n

M

F

M

F

F

M

F

F

M

M

M

F

M

M

M

F

F

Negative

Negative

Negative

Nodule

C.srcinorne-follic-
ular-papillary:
complete thyroid-
ectomy 1965

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negat ive

ISurgery

40

41

7.1 4.1
I

10.3 5.5 2.6?
—

8.o—

I8.7 2.0 2.0 1 8 10.3—— _

8.o

7.1 5.8 4.3
4.6 — ——

9.1 6.5 Q
46 —-

8.4 3.14

9.2

176 NOdule reduced after 1965,
but again suspicious 1969

235 160 Remains euthyroid on

thyroxine, no metastasis

121

210

112



1

m
0.
,

Rongelap 69

Age
Patient Age at Abnormality PBI, T4*,
N@ber Exposure Sex Thyroid Status Noted 1965 1966 1967

rad (Ailingnae)

Cholesterol
1968 1969 1965 1966 1967 1968 1969 Remsrks

6

8

44

48

53

81

70

51

45

50

16

41

**59

1

4

6

8

8

15

25

32

34

39

44

44

1 54

*T-4 underlined
**Died September

M

F

M

F

F

F

F

F

F

M

M

M

F

F

1968

8.5

9.7

8.4

10.1

6.7

I

8.6 6.4 5.9 7.1
53 47 — —--

5.9 7.3—
43-

52-

2.7—

43-

Slight hypertrophy
isthmus ? 1969

Renmval of neurofibroma

neck 1968

Negative 8.5 5.0 2.2 3 8—A Note )alightly less T-4
3.6— recently

Negative 5.7 5.4 5.4 4 1—_
4.0

Negative 4.7

Negative 4.8—

Negative

Negative

Negative

Negative

Negative

Negative
.

Negative

Negative

Adenomatous goiter
Subtotal thyroid-
ectomy 1966

Negative

ISurgery
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I+XSPITAL RBCXIRDSOF THTROI D CASBS (1968-1969)
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DISCHARGE SUMMARY
PAVILION 1 OPD

AZtUTi’ED: AWUST 4, 1968 DISCHARGED: AUGUST 30, 1968

Thfa 17-year-old boy was admitted
to this Hospital for evaluation of

● nodular thyroid gland which did not respond satisfactorily to treatment in the
Lalands.

HISTORY OF PRFSENT ILLNBSS: Xn 1966 the thyroid gland was found to
be slightly ●nlarged with irregular

soft modularity with a more distinct 1 cm. nodule detected in the right lower lobe.
He had been put on thyroid hormone therapy (Synthroid, 0.3 g. j day) since
September 1965 but had only taken the drug for one month.

!! e took thyroid
medication thereafter howaver and in 1967 it was thought that his thyroid modularity
had reduced somewhat. However in 1968 ● new 1 em. thyroid nodule waa palpated in
the upper left lobe, ●nd ● nodule was attll palpated in the right lower lobe.
Earlier PBI’s wera 6.4 Mg% in 1958 ●nd 4.1 bLg%in 1959 with BEI of 2.7 @. His
1968 sertm was lost. He haa appeared to be euthyroid. His stature haa remained
about 2 years behind his peera. In view of hia lack of response to thyroid hormone .
therapy it waa deeided that he should be fully ●valuated here.

The patient wae 5 yeara old ●t the
time of the fallout, liereceived ●n

estimated 175 rada of whole body g- radiation, irradiation of the skin from the
fallout deposited thereon and internal absorption of radioisotopes. Hia thyroid
gland received ●bout 700-1400 rads plue 175 rada of g.mmnaradiation. During the
first two days he ●xperienced loss of ●ppatite and nausea. About 2 weeke
postexposure he developed “Beta burns” of the ●kin mainly on the scalp, axillary
and anal region and feet. Thaae healed rapidly. He ●lso developed rather marked
epilation with normal regrowth of hair oecuring In eevaral rnnths. Eis peripheral
blood leukocyte count was dapreeaed but within a year had returned to near normal
levels. There was no evidence of the clinical radiation syndrome ●ssociated with
the hematologic depression. 2followiq recovery from the early radiation effects
he remained in good health with no serious illneaees or injuries. No evidence of
thyroid diaeasa haa been ●pparent ●nd the PBI and thoroxine (T-6) levels were
3.9 and 3.3 L@ In 1966. His ●ertm TEN level waa not elevated at that time. His
statural growth has been somewhat below that of his peers.

PHYSICAL EXAMSNATION: This 17-ye*r-old lfarahalleseboy waa
of rather shorter stature than most

Ffarshalleaemales of hia ●ge but he ●ppeared well-nourished ●nd waa wtthrmt
complaint. The only notable phyeical findings were related to the thyroid gland.
The left lobe of that gland was slightly ●nlarged, soft ●nd slightly tender.
In the lower pole of the right lobe there was ● 1-2 cm. nodule of firmer consistency.
No ragional lymph adenopethy wae noted. The patient ●ppeared to be ●uthyroid.

LABORATORY 6 X-MY MTA:

H -1, -16; thyroid scan
right pole of the thyroid.
10 units daily for 3 days,

SNL 720A

Thvroid workup: Thyroxine 3.0 Vg%;
cholesterol 110 mg% (82% eaters);

w~t~ 9%c showed a cold nodule indenting the lower
‘jLl uptake and a repeat

showed a poor response to
uptake study following
the pituitary horrmne.

TSH ,
Ihe
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thyroxin level did,not increase after the stimulation. His serum waa negative
for antlthyroglobulin antibodies.

U2NER : { Chest x-ray negative, SKO normal,
other laboratory teata eaaentially

negetive except for a few UBC on repeated urinalyaia (cause not determined) and
the finding of whipworm ova in the feces.

HOSPITAL COURSE: The following thyroid ●xperts were
consulted: Dr. J.E. Rail, Dr. J.

Robbins of NIH, end ~. B. Colcock of Lehey Clinic, Boston. The conaensue wan
that the diaeaaed thyroid tlaaue should be surgically removed. The patient waa
transferred to the New England Baptiat Eoepital in Boston, Maaaachusetta on
August 18, 1968. Dr. B.P. Colcock of Lahey Clinic carried out subtotal thyroid-
●ctomy removing multinodular thyroid tiaeue from both lobes. Dr. W.A. Heisaner
of the New England Deaconees Hospital ●xamined these tlasuea and hie pathological
dfagnosia waa “aden-toua goiter”. Recovery fr= surgery waa uneventful ●nd the
patient was transferred back to this Eoapital August 25. A small pouch filled
with seroua fluid ●t one ●nd of the surgical wound was drainad following his return
and the ●ubaequent hospital course waa uneventful with satisfactory healing of
the wound. Re waa placed on thyroid medtcathn and discharged for return to
the Mrahall Ialanda on August 30, 1968.

PINAL DIAGHOSIS: Adenomatoua goiter.

mama mxcmcmi To continue thyroid hormona therapy
for life. A note waa cent to the

Mershalleae practitioner in charge of the caee ●treasing the importance to continued
thyroid medication. The patient was given ●n adequate supply of the hormone to last
for at leaat one month.

XAJ-du
Robert A. Conard, M.D.

RAc :H
Dictx 9-13-68
Typed: 9-16-68
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=TTRD : AUGUST 4, 1968 DISCHARGED: AWUST 30, 1968

This 18-year-old 3iarahalleseboy
was admitted to this Hospital for

evaluation of nodules of the thyroid gland resulting from fallout exposure in
1954.

HISTORY OF PRESEN2 ILLHXSS: Though nodules of the thyroid
gland were firat noted at the time

of the 1967 medical examinations development of the nodules could have occurred
earlier since the boy had not been examined in 1966. Multiple, small, non-tender
nodulee were palpated in the gland with one larger nodule about 1.5 cm. in the
right lobe, and a smaller one in the left lobe. He appeared to be euthyroid
and normally developed. Illseerum thyroxin leval in March was 4.5 wgX and
serm cholesterol 188 ag% (in 1967 his thyroxin level was 2.3 ~g%). L-thyroxine
(Synthroid, 0.3 reg./day)wae prescribed in 1967 but his adherence to the treatment
regimen was spaswdic. Therefore during the 1968 ●xaminations it waa decided that
since hia thyroid nodules had not reduced, hospital evaluation was indicated.

The patient was 4 years of ●ge at the
time of exposure to fallout on

Rongelap. He received a whole body dose estimated to be 175 rads, exposure to the
ski-n(unknown dose) and a dose to the thyroid gland from absorbed radioiodinea of
about 700-1400 rade plus 175 rads of penetrating game radiation. Relative
lymphopenia was noted ●t 3 daya ●light leukopenia ●t 6 weeks followed by rapid
return to the normal range. He daveloped slight “Beta burns- on the neck,
axillary and ●nal region which cleared up in a few weeka. He had mderate
epilation of the temple with complete regrowth of hair by 6 tmaths. MO clinical
evidence of irradiation ayndroma was apparent ●t any time. Anthropomatric
measurements and skeletal ●ge studies have revealed normal growth and development
with no ●violenceof thyroid deficiency. A PBI level in 1958was 9.6 wfi. Since
the ●xamination in March, 1968 he has been aaympaomatic and in goodbalth. Re
haa bean on thyroid medication intermittently.

PHYSICAL EXA3UNATIOR: The patient is a husky 18-year-old
31arahalleseboy ●nd ●ppeara to be

in excellent health. Principal findings were related to the thyioid gland. The
right lobe ●hewed ●nlargement with ● 3 cm. soft irregular nodule in the l~er
portion. The nodule waa slightly tender to deep palpation. An enlarged lymph
node was noted in the right ●uhax.illary region but no other rezional adneopathy
was notad. The patient ●ppeared
infection over the shoulders the
●ntially negative.

IABoRAlmY & x-RAY MTA:

cholesterol 119 mg% (7~eaters).
waa negative: a thyroid scan (ualng 9%c) ahowed
of the right lobe of the gland. nyroid uptake of

to be euth>oid. Except for ●-alight ringworm
reuinder of the phyeical examination was ●ss-

Thyroid workup showed the following:
the thyroxin level was 4.6 y~,

Test_for serum antithyroglobulin antibodies
~3&ge-cold ●rea over moat

uptake waa in the lower

M 720A
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range of normal. Following TSH administration (10 units daily for 3 days)
the thyroid uptake of 131 I had showed a good increase. However the serus
thyroxin level did not show any increase over the pre TSH stimulation level.
X-ray of the chest showed extrinsic pressure on the trachea, probably from
thyroid enlargement. The banal metabolic rate was -8. The remainder of the
laboratory findings were essentially negative.

HOSPITAL COURSE: His hospital course waa uneventful.
fi,efollowing thyroid ●xperts were

consulted: Dr. J.E. Rail and Dr. J. Robbins of NIH, and Dr. B. Colcock of Lahey
Clinic, Boston. The consensus was that surgical removal of diseased thyroid tissue
was indicated. Tha patient was transferred to the New England Baptiat Hospital
in Boston on August 18, 1968 and under general anesthesia the thyroid gland
was ●xplored on August 20th. The gland was found to be grossly multinodular
with many cystic areas and ● subtotal thyroidoctomy waa performed. Microscopic
examination by Dr. W.A. Meissner of the New England Deaconesa Hospital resulted
in a diagnosis of “adenometous goiter”. Recovery from surgery was uneventful
and the patient was transferred back to chia hospital on August 25th. The surgical
wound healed nicely and the patient waa placed on L-Thyroxin (Synthroid, 0.3 mg.
daily). He wae discharged from the hospital on August 30, 1968 to travel back
to his home in the Harshall Islands.

FINAiD2ACM0SIS: Adenometous goiter.

DISCHARGE HEDICATIOR: To continue thyroid medication for
life. The patient waa given ample

hormone supply to last him for approximately ● month. A note was sent to the
Harahallese practitioner who will be in charge of the patient stressing the
importance of continued thyroid medication.

/&f 4?A2-A-
Robert A. Conard, M.D.

SAC :mam
Diet: 9-13-68
Typed: 9-16-68

I 8M 720A
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AIXIIX’SD: -T 4, 1%8 DISCHARGED : AUW8T 30, 1968

This 15-year-old Iiarshalleseboy
was admitted to this Ho#pital for

evaluation of a nodular thyroid gland resulting from expoeure to radioactive fallout
in 1954.

HISTORY OF PRESE~ ILLNBSS: In 1965 the patient’s thyroid revealed 1
a alight diffune enlargement. In

1966 mre definite enlargement with small nodules in the left lobe and iethnw
were detected. He wae placed on L-thyroxine treatment, but he has been very \
inconeiatent in taking the drug. The 1967 and 1968 ●xaminations revealed that the !
nodules had enlarged, the one in the left lobe being about 2 cm. in diameter. The
nodules were firm but not hard and not tender. Though sae expoeed Rongelap
children have ehowo some degree of hypothyroidism ●nd growth retardation this bov
haa appeared euthyroid with-normal gr~th” and developm&t. His serum thyroxin
(T-4) over the past three yeara has been 4.3, 4.8 ●nd 4.6 pg% and his serua
cholesterol 98 mfr.

The patient wae 1 year of age at
the time of exposure. He received

estimated 175 rade of whole body gamaa irradiation, heavy irradiation of the
skin and internal absorption of radioiaotopea. The thyroid gland receivdd
alxiut700-1400 rsd from radioiodinem ●baorbed plus 175 rad of gmma radiation.
He developed marked “Beta burna” of the skin. The lesions cleared however
without complication within several weeks. He had elight transient epilaticm
the scalp ●nd cyanotic changea in the fingernail ●lso. During the first six

l~el

an

of

weeke he developed a leukopenie and ● platelet depression. Ho&ver he never shcmed
any clinical evidence of the radiation eyndrome and hia blood counts approached
normal by one year. Yearly anthropomatric meaeurementa ●nd ekeletal age etudies
have revealed normal growth and development ●nd he has always appeared to be
euthroid (eubetantiated by normal PBI’s and serum cholesterol levels). Since
examined in March 1968 the patient has been asymptomatic and in good health. He
hae taken his thyroid medication intermittently.

PHYSICAL SXAMIMIOll: This 15-year-old 14arshalleseboy
sppeared to be well-nourished ●nd of

normal eize for his ●ge. Examination of the thyroid gland revealed that the left
lobe was enlarged with multiple soft nodules palpable. A few small nodules were
believed to be preeeot also in the right lobe. A few SU1l anterior cervical
lymph nodes were palpable. The patianc ●ppeared to be euthyroid. Thera were no
other no notable ftndingz on physical ●xaminations other than a mild tenia
veraicola infection of the face, arms and trunk.

LABORATORY 6 X-UK DATA: Thyroid workup: semns thyroxin
4.9 L@, cholesterol 145 mg%,

(75Zesters); E4B - 13, -10; serum ●ntithyroglobulin antibodies negative. Thyroid
scan using I.V. 9XC showed lar~e defecte along the lateral aspects of the left lobe
1311 uptake was normal ●nd a good response was obtained to TM stimulation
(LO units, IJ4. daily for 3 days); thyroxin level increased from4.9 to 6.3 kg%.

8NL720A
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Othar: Chest x-ray end UG negative. Other laboratory findings were negative
~ for ● few UBC in the urine end the presence of the whipworm parasites
in the feces.

HOSPITAL COURSE: A conaultetion was held with Ms.
J.E. Rail ●nd J. Robbins of NIll

and Dr. B. Colcock of the Lahey Clinic. The conaenaus waa that the dleeased
thyroid tiaaue ●houM be surgically removed. TM patient wae trameferred to the
lieuKnglaad Baptiet Eospltal In Boston August 18. Dr. B. Colcock carried out
● subtotal thyroidectomy removing thyroid tiaeua containing many nodules and
cysts. Dr. W.A. Ueisaner of the New England Deaconees Hospital examined the
tieauea ●nd hie pathological diagnoaie vaa “adenomatoua ~iter” ●nd a nodule
of oxyphilic cello. Recovery from surgery was uneventful and the patient
wae transferred back to this hospital on August 25. He was placed on thyroid
hormone therapy. He remained aeymptomatic with satisfactory healing of the
surgical wound and wae discharged to return to his home in the 14arshallIsland.
on Auguet 30, 196S0

PINAL DIAGNOSIS: Adenomatoua goiter with nodule of
oxyphilic cells.

DISCMROE MEDICATION: To continue thyroid hormone therapy
for life. A letter was sent to

the Xarahalleee practitioner in charge of this patient atresaing the importance
of continued thyroid ho~ne treatment.

flz=-rz~
Robert A. Conard, M.D.

RAc :-
Dict: 9-13-68
Typed: 9-16-68

CM noA
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AmI’mm : AOOUST 4, 1968 DISCNARGSD : AUGOST 30, 1968

This 29-year-old woman was
●dmitted to this Hospital for

waluation of a mass in the left region of the neck discovered during the
1968 ●nnual medictl survey ●t Rongelap Island.

NISTORY OF PRBSKNT ILLNESS: During the routine medical ●xamination
of the Rongelap people this

patient wao discovered to have a 1-2 cm. firm ●aaa in the left ●ide of the
neck lateral to the thyroid gland near the insertion of the sternocleidomeatoid
muscle. The maca was non-tender, firm ●nd did not move with the thyroid @and
on swallowing. No lymph adenopathy in this region or elsewhere waa noted.
During the peet two years the patient ha$ complained of loec of ●ppatite, weight
lees ●nd not feeling very well. (Eer weight of 110 pounda on the past survey
ie 5-10 pounds below her usual weight. In 1954 her ~1 wae 5.7 I@ ●nd In
Xerch of this year her serum thyroxine level (t-4) wae 4.3 pm ●nd ●er~
cholesterol 230 mg%. In view of the prevalence of thyroid ●bnormalities in the
●xpoeed Hershallese people end the suapicioue nature of this patient’s lesion
it was coneldered wice to hospitalize her for full evaluation.

The patient wae 15 yeare of ●ge in
1954 ●t the time of the fallout

acc-ident. At that time she was one of a group of 18 that was away on ● nearby
atoll (Alingnae). This group received a whole body g~ doee of 70 rada about
half the ●xposure of the other Rongelap people. Before the ●ccident she was
●pparently healthy with ● history of only occasional headaches. Following the
accident only a few tranaient effects of ●xpoeure were noted: (a) very ●light
fallout lesions on the back of her neck ●t three weeks post expoeure with saae
cyanotic changes in her fingernail bade, both of which cleared up within ●

few weeks; (b) ●nd ●light tranaient leukopenia . It wae ●etimeted that the dose
to her thyroid gland was ●bout 55 rxde from radioiodinee ●bsorbed plus 70 rada of
g~ radiation.

Following thee..early findfnge the
patient reuined generally in good

health. No serious illnesaea or injuriee were noted. Growth ●nd dwelopment
was normal ●xcept for slight i-turity of sexual development (sparse pubic and
●xillary hair ●nd small breasts). Henarche was ●t 14 yeara of ●ge followed
by normal menetrual periods. She has had four pregnancies, her first (1958)
reoulted in ● stillbirth following ● br~h delivery due to ‘contracted pelvis”:
the second (1963) reeulted in a normal delivery end baby. She has since had
mother stillbirth ●nd ● ●iscarriage. ?rm the time of the first e~nations
she has remained somewhat ●nemic (not unco~ in llarshallesefemales) with
hmtocrit readings ranging from 28-33.

Since the sunrey examination of
March 1968 ●he hae noted

occasional pain on swallowing, eating meals ●nd drinking fluids. The pain ie

M nu
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not steady and only occurs ●t intervala for ● week or two. It has increased in
frequency lately. She has not noted ●ny recent weight loss and her ●ppetite
has been f~irly good except that when she had the pain on swallowing she does not
eat well. Bowel habita have been normal with normal ●toola. She has had nocturia
[2-3 times ● night) but no dyauria. Up until two weeks ago she had been taking
her thyroid medication regularly.

PHTSICAL EXMINAT20N: ‘2hIs29-year-old t4arahallesewomen

appeared well-nourished and
asymptometic. The thyroid appeared to be of normal size with no apparent modularity.
However, lateral to the thyroid beneath the left sternocleidomastoid muscle near
its insertion was a fairly hard mass of about 2-3 cm. in diameter. The mass was
slightly tender to deep pressure. The areashad about doubled fn size since the
last examination about 5 months previously. No regional lymph adenopathy was
noted. Lymph nodes ●lsewhere were not notable. The breasts were normal.
Examination of the cheat was negative except for ● soft systolic murmur noted over
the aortic area. The ●bdominal examination was negative. Pelvic ●xamination
was negative. Thus there were no notable findings in this patient except referable “
to the neck region that would auggeat ● primary lesion.

LABORATORY & X-RAY DATA: The thyroid workup was negative in all
respects with normal serum thyroxin and

cholesterol levels. Serum ●ntithyroglobulin ●ntibody titer was negative. The
Wit was +4, O; thyroid ccana showed a normal gland and thyroid uptake before and
after TSH stimulation were normal. EXG waa normal, cheat x-ray showed the heart
to be top normel in size. The lung fields were clear. Bariua enema and G.I.
series were normal ●xcept for ● soft tissue mess in the left upper quadrant of
the abdomen which waa thought possibly to be splenic in origin. A skeletal survey
revealed no ●vlde A liver ●nd spleen scan following

q~~c~~~t~~~~o~f~~~~led the spleen to be normal h sizethe injection of
but a questionable defect in the liver was noted. A RAP smear was negative for
malignant cells. Except for slight anemic tendency and the presence of whipworm
parasites in the feces the remainder of the laboratory findings were generally
negative.

H06PITAL COORSE: A conaultatlon was held with Drs. J.E.
Rail ●nd J. Robbins of N2H and Dr. B.

Colcock of Lahey Clinic. The consensus was that the maaa in the neck was quite
likely to be of ● malignant nature ●nd surgical ●xploration was indicated. The
patient was taken to the New England Baptist Hospital, Boeton on August 18, 1968.
On August 19th, Dr. B.P. Colcock surgically removed en oval well ●ncapsulated
mess weighing 6.8 Grams and ●easuring 2.5 x 2 cm. in diameter. Dr. W.A. Meissner
of the IIewEngland Deaconess Hospital ●xamined the tissues microscopically and
reported the tmor to be ● neurofibrome. Also present was a negative myelinated
nerve ●nd ● lymph node showing chronic inflammation. Recovery from the surgery waa
uneventful end the patient was transferred back to this hospital on August 25. She
was asymptometic ●xcept for ● slight soreness of the neck region. Her wound
healed nicely ●xcept for ● slight area of drainage at one corner. She was
discharged from the lioapitalon August 30th fit to travel back to her home in the

8NL720A
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IiarahallIslands.

FINAL DIAGNOSIS: Neurofibroms.

DIS~ MEDICATIUW : No medication necessary.

/f2krc u
Robert A. Conard, 14.D.

RAC :ma
Diet: 9-13-68
Typed: 9-16-68

8NLnoA
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ADMITTED : Aug. 26, 1969 DISCHARGBD : Sept. 22, 1969

This 22-year-old Marshal-
lese lady was admitted to

the Hospital for evaluation of a nodular thyroid gland believed to result
from radioactive fallout in 1954.

HISTORY OF PRESENT ILLNESS: The patient was 7 years
old at the time of ex-

posure to fallout and she received an estimated 175 rads of whole body gamma
radiation, beta radiation of the skin, and internal absorption of radio-
isotopes. The dose to the thyroid gland from radioiodines is estimated
to have been between 500-1000 rads in addition to the 175 rads of game
radiation. She developed transient mild beta burns of the scalp and slight
epilation. Her leukocytes and platelets fell to about half normal levels
within several weeks,but she had no signs or symptoms related to this de-
pression. By one year she had largely recovered from these acute ●ffects
and her subsequent medical history la generally negative up to the present
developments.

In 1967 several small
nodules were palpated

in the left upper lobe of the thyroid. In addition in 1968 a 1 cm. nodule
was palpa’tedin the right lobe. This past Ftarch,1969, examination of the
thyroid revealed three distinct nodules, the largest one 2 cm. in the
right-lower lobe and the other smaller in size in the left.lobe. She has
remained completely euthyroid and haa shown no evidence of any retardation
of growth and development. Her PBI and cholesterol levels have always
been in the normal range. She had been taking thyroid-hormone medication
fairly regularly since September 1965.

PHYSICAL EXAMINATION: The patient waa alert,
and appeared to be com-

pletely euthyroid with no major complaint. The findings on physical exam-
ination were largely confined to the thyroid gland. The three nodules were
noted as described above except that perhapa the nodule in the left lobe
of the gland had ●nlarged slightly. No lymphadenopathy was detectable. The
only other finding on physical examination that might be noted was slight
leukorrhea.

LABORATORY AND x-RAY FINDINGS: Thyroid studies revealed
the followin~: PBI 8.1 UK.%.

total iodine 8.2 Vg.%, iodoprotein 2.6 pg.%, and T-6 5.3 l.lg.%;-BFtR-15; - -
cholesterol 153 reg.%,●aters 119 reg.%;thyroid scan showed a functioning
nodule in the right lobe; uptake of radioiodine was normal but response to

TSH atlmulation was only fair;a test for thyroid antibodies waa negative.
The hemogram and other blood chemistry findings were normal. The chest
x-ray was normal. Vaginal discharge was positive for monilia.

PREOPERATIVE HOSPITAL COURSE:

SNL720A

The patient was asymptomatic
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and remained in good
health. Her vaginal

discharge improved on treatment With Mycostatin vaginal suppositories.
On September 7, she was transferred to the Cleveland Metropolitan General
Hospital.

SEJRGERYAT THE CLEVELAND METROPOLITAN GENERAL
HOSPITAL: On September 8, the

thyroid was explored
by Dr. B. H. Dobbina. The thyroid was about normal in size but both
lobes contained many fine nodules. The lower right lobe containing the
larger nodule and a portion of the lower left lobe which was nodular
were removed. Frozen sections indicated that the lesions were benign
and extensive resection was not carried out.

POST SURGICAL HOSPITAL COURSE: The patient recovered
satisfactorily from

the surgical procedure. Since her return to Brookhaven, she has been a-
sy’mpto~tic and her Wound haa healed nicely. A repeat thyroid scan show-
ed that the functioning nodule noted prior to surgery had been removed.
The patient was discharged on September 22 to return to the Marshall
Islands.

DIAGNOSIS: 1. Adenomstous nodules
of both lobes of the thyroid
gland, some nodules showed
prominent papillary component.

DISCHARGE MEDICATION: The patient i9 to continue
taking thyroid-hormone

medication under the auperviaion of the Marahallese health aide on her
Island.

-@zYc &L--’L
Robert A. Conard M. D.

RC:LR
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ADNxT-rm : Aug. 26, 1969 DISCHARGKD: Sept. 22, 1969

This 36-year-old Marshallese
woman was admitted to this

Hospital for evaluation of a nodular-thyroid gland.

The patient was 21-years o-f
age at the time of exposure

to fallout. She was in the more heavily exposed group, receiving an estimated 175
rads of whole body gaimnaradiation, beta radiation co the skin, and internal
absorption of radioisotopes. Her thyroid gland received an estimated 160 rads
from raclioiodines absorbed, plus 175 rads from whole body exposure. She had
signs of mild hematopoietic depression shortly after exposure but no signs of
infection or bleeding and by one year her blood elements “had recovered to normal
levels. During the esrly period she also experienced mild transient beta bums
to the ●kin.

HISTORY OF PRESENT ILLNESS: Her thyroid abnormality was
detected for the first time this

past March when a rnulti-lobulatedmass in the left lower pole of the thyroid
was noted. Up until this time she had always appeared to be euthyroid. A
serum sample taken at that time of examination ahowed a T-4 level of 3.9 wg.%.

This is the third adult case
in the more heavily exposed

group that has developed thyroid pathology. The patient claims she had been
taking her thyroid-hormone therapy regularly. TWO of her sons, who were leas
than 10 years “ofage at exposure, have had excisions of benign nodules during
the past two years.

PHYSICAL EXAMINATION: This mother of nine children
aDueared to be in excellent

health. She appeared to be euthyroid. The only posi~~ve findings of significance
in her physical examination were referable to the thyroid gland. Since the
examination in March a discrete mass in the right upper pole was noted for the
first time. The mass was hard and spherical. Less distinct modulation Was
noted in the lower left lobe. No lymphadenopathy was noted.

LABORATORY AND X-RAY DATA: The thyroid studies revealed
the following: PBI 9.2 Kg.%,

total iodine 9.2 pg.%, iodoprotein 2.3 pg.%, and T-4 6.2 pg.%; t~yroid autoan~ibodiea
less than 1-16; thyroid scan showed a non-functioning nodule in the right upper
lobe; uptake of radioiodine showed normal function of the gland; iodine uptake
response to TSH stimulation, however, was poor. The 9*Tc studies showed good
trapping function; cholesterol 172 reg.%,esters 120 reg.%.’Her SMR Was +16.
Positive stool examinations from ascaries and trichuris waa the only other positive
laboratory finding of significance. The high sedimentation rate and reversal
of the A/G ratio ia comnon to the Marshallese people. X-ray of the chest was
negative.

6NL?20A
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PRE-SURGICAL HOSPITAL COURSE: Her hospital course during the
preliminary examinations here

at Brookhaven was uneventful.

SURGERY AT THE CLEVELAND METROPOLITAN GENERAL
HOSPITAL, CLEVELAND OHIO: Dr. B. Dobbins performed

thyroid surgery on Sept-
ember 10, 1969. A hara, white mass measuring about 8 mm. in diameter waa
tuund in the right upper lobe. A frozen section indicated malignancy and a com-
plete thyroidectomy was done. In addition to the nodule just described,the
removed thyroid also showed a small focus of white-hard-tissue near the isthmus,
and there was generalized granularity of the remainder of the gland. The patient
was given 12.5 Kc. of radioiodine preoperatively, and the malignant nodule was
found to be nonfunctioning based on lack of radioiodine count. Lymph node
involvement was not noted.

POSTOPERATIVE COURSE: The patient recovered satis-
factorily from her operation.

A slightly positive Chvostek sign was noted for several days. The patient was
returned-to this Hospital on September 14. During the week here before her
discharge it was found that her serum calcium level was 9.2 reg.%. A thyroid
scan following 350 UC. 1311 showed that the thyroidectomy had been complete except

for one small questionable area 2.4 cm. to right and 3 cm. above the sternal
notch. Her wound healed nicely, and she was discharged on Septamber 22 fit for
travel back to the Marshall Islanda.

DIAGNOSIS:

1. Follicular carcinoma of the thyroid. Adenomatous nodules in remainder of
gland; no lymph node metastasis.

DISCHARGE MEDICATION: The patient was advised that
ic was mandatory that she

continue~taking her thyroid and hormone medication always. The Marshallese
practitioner, Dr. Riklon, who accompanied the patient here will personally super-
vise the continuation offiis therapy. The patient will be ●xamined again on
the forthcoming medical survey in March 1970.

‘~obert A. Conard M. D.

RAc :LR
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ADMIm: Aug. 26, 1969 DISCMRGBD : Sept. 22, 1969

This 22-year-old Marshal-
lese boy was admitted to

this Hospital for evaluation of modularity of the thyroid gland following
exposure to radioactive fallout 15 years ago (1954).

HISTORY OF PRESENT ILLNESS: The patient was 8 years
old at the time he waa

exposed to fallout and received an estimated 175 rads of whole body game
radiation, beta radiation of the skin, and inter~:~l absorption of radio-
isotopes. It is estimated that his thyroid gland received approximately
500-1000 rads from radioiodines plus the gamma dose of radiation. He
experienced early effects of radiation exposure including beta burns of
the skin and transient Ieukopenia and platelet depression. He never show-
ed any clinical evidence of the radiation exposure and by one year he
had recovered from the acute findings. His subsequent medical history has
been largely negative up to the present thyroid findings. He haa had
no retardation of growth and development and has alwaya appeared to be
euthyroid.

was noted in 1966 when
a soft, 1 cm. diameter
small nodules noted on

the gland was
prominence in
the left side

The first indication
of th~oid abnormality

found to be slightly enlarged with
the lower right lobe with several
also. His PB1 and cholesterol levels

were normal at that time. During the next two years continued enlargement
of the nodules of the thyroid we~e noted and the T-4 level had reduced
2.6 pg.%. Examination this past March (1969) revealed that the mass in
the lower right lobe was about 2-3 cm. in diameter with a cluster of
smaller nodules in the laft side believed to be attached to the trachea.
The T-4 level was again 2.6 Kg.%. However, he appeared to be euthyroid.
The patient had two brothers who had benign nodules removed a year ago,
and his mother had a malignant lesion removed several years ago from the
thyroid.

PHYSICAL EXAMINATION: The patient was alert,
healthy, and appeared

to be euthyroid. Except for mild fungus infection of the skin the main
findings were related to the thyroid gland. A soft prominence, 2-3 cm.
in diameter, was noted in the right lower pole of the thyroid. Several
lesser nodularities appeared to be presant on the left side. No associated
lymphadenopathy was detected.

LABORATORY AND X-UY FINDINGS: Th~oid studies revealed:
PB1 4.3 pg.%, total iodines

4.6 pg.%, iodoproteins 1.6 pg.%, and T-4 3.2 p~.%; BMR +3%; cholesterol
142, ●sters 107 reg.%. Thyroid scan showed a multinodular thyroid with
rather marked enlargement of the right lower lobe which contained mainly
nonfunctioning tissue. Iodine uptake waa normal but response to TSH stimulation
was poor. Hemogram and blood chemistry findings were generallY negative.
X-ray of the chest was normal. Thyroid autoantibodias showed less than
1-16 dilution reaction.

SNL 720A
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I

PREOPERAT’2VSHOSPITAL COURSE: The patient was completely
asymptomatic with good ap-

petite and appeared to be completely euthyroid. On September 7 he was trans-
ferred to che Cleveland Metropolitan Hospital.

SURGERY CLEVELAND METROPOLITAN HOSPITAL: On September 8, the thyroid
was explored by Dr. B. M.

Dobbins. There was a discrete mass in the lower pole on the right measuring
2.5 cm. in diameter. Beneath this nodule there was a second ❑ass measuring
about 1.5 cm. in diameter. The left lobe contained a cluster of nodules.
Both lobes were subtotally resected to remove the nodular areas with a pad
of normal tissue around them. It was believed that the tissue left behind
was “reasonably normal.” It was noted that there were many fine vessels over
the surface of the thyroid very much like one sees in a gland that has been
therapeutically irradiated with radioiodine.

POSSURGICAL HOSPITAL COURSE: The patient’s recovery
from surgery waa rapid

and uneventful. He was transferred back to this Hospital on September 10.
He remained completely asymptomatic and his wound healed nicely without
complications. The repeat thyroid scan showed”.pos~operative absence of
the inferior portions of the right and left lobes of the thyroid gland.
The patient was discharged on September 22 to travel back to the Marshall
Islands.

DIAGNOSIS: 1. Adenomatous nodules
of both lobes of the
thyroid gland. Degenerating
follicular adenoma.

DISCHARGE MEDICATION: It was impressed upon the
patient that it was im-

perative that he continue taking his thyroid-hormone medication from now on.
He will be under the supervision of the local Marshallese practitioner in
the Islands. The patient will be seen again on the forthcoming survey in
March 1970.

“Robert A. Conard M. D.

RC :LR
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ADMITTED: Aug. 26, 1969 DISCMRGED : Sa@ . 22, 1969

This 21-year-old Marsha llese
girl was admitted to this

Hospital for evaluation of nodularlty of the thyroid gland believed to result
from radioactive fallout exposure in 1954.

HISTORY OF PRESENT ILLNESS: She received an estimated’
175 rads of whole body

ganuaaradiation, radiation of the skin, and internal absorption of radioisotopes.
The thyroid received in the range of 500-1000 rads from radioiodines absorbed.
She had acute symptoms of radiation-effects including transient anorexia and
nausea followed by hematopoietic depression the development of wide-spread beta
burns over the scalp and neck regions. She recovered frmn these effects during
the first year of post exposure. During the years following her exposure she
has remained in generally good health and has had two normal deliveries of healthy
children, the last occurring in July. She has alwaya appeared to be euthyroid
with normal PB2 and cholesterol values. In 1965 a small 3 IISU.nodule was dis-
covered in the right Lower lobe of the thyroid. In the following two years,
however, the nodule was not noted. During the survey this past March 1969 she
complained of a “lump in the throat” and a slightly irregular 1-2 cm. maas
was noted in the lower left lobe. She had been very irregular about taking her
thyroid hormone medication, since she has been on distant islands a large
part of the time.

PHYSICAL EXAMINATION: The physical examination
revealed an alert, apparently

euthyroid Marshallese female of about her stated age. The examination was
essentially negative except for findings related to the thyroid gland. A
slightly irregular mssa was noted in the lower part of the left lobe of the
thyroid. It was fairly far posterior and seemed to be slightly adherent to
the trachea. Another B-B sized mass was noted anteriorly near the junction of
the isthmus.

LABORATORY AND X-RAY FINDINGS: Thyroid studies revealed:
PBI 5.3 Kg.%, total iodine

5.5 Bg.%, iodoprotein 0.8 pg.%, and T-4 4.2 pg.%; BMR +3.5: cholesterol 187
reg.% and esters 136 reg.%. Thyroid autoantibodies ahowed less than 1-16 dilution
reaction; scan showed a multinodular gland with slight enlargement of the left
lobe; thyroid iodine uptake waa normal but the response following TSH stimulation
was poor. X-ray of the chest waa negative. The only other laboratory finding
of significance waa the presence of aacaries and trichuris in the stool specimens.

SURGERY AT THE CLEVELAND METROPOLITAN GENERAL HOSPITAL:

The patient was transferred
to the Cleveland Metropolitan

Hospital on September 7. On September 9 Dr. Brown Dobbfns carried out thyroid
surgery. The gland contained several nodular areas some of which on frozen section

appeared to be adenomstous lesions but others on frozen section appeared to be

SNL720A
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malignant including involvement of two closely adjacent lymph nodes and several
distant lymph nodes. In view of the metastizl.ng nature of this malignancy on
the left side, radical dissection was carried out removing all lymph nodes on
that side of the anterior neck. No enlargement of lymph nodes was seen on the
right side. A complete thyroidectomy was -lonecarefully preserving the para-
thyroid glands.

POSTOPERATIVE HOSPITAL COURSE: The patient recovered satis-
factorily from the operation

but with some degree of edema of the subcutaneous tissues in the left side of
the neck and lower jaw and a positive Chvoatek for several daya. She was return-
ed to this Hospital on September 10. On arrival here there was slight drainage of
the lower part of the incision of the neck which gradually reduced with daily
care. The edema of the left side of the neck along with slight tenderness gradual-
ly reduced though at the time of her discharge from the Hospital on September
22 there was still some edema and discomfort on the left side of the neck. The
wound had healed nicely except for a small granulating area in the lower part of
the incision. Her serum-calcium level rose from 7.1 reg.%at the time of her
return to 7.9 reg.%just before her discharge. The positive Chvostek noted earlier
had disappeared at the time of departure. A repeat scan and radioiodine uptake
study (following 350 MCi 1311) ahowed almost complete removal of the entf.rethyroid

gland. However, scintophotos revealed a slight remnant of thyroid tissue in what
had been rhe lower-right pole region. At the time of surgery the patient had
been given a blood transfusion. However, it was noted on her return that she was

slightly anemic. Therefore, she was placed on Ferrous Sulfate treatment.

DIAGNOSIS:

1. Mixed follicular-papillary carcinoma of the thyroid uth localized metastasis
to cervical lymph nodes. Multiple macrofollicular adenomatous nodules were also
present.

DISCHARGE MEDICATION: The mandatory continued treat-
ment with thyroid hormone was

impressed on the patient. Dr. Riklon, the Marshallese practitioner who accompanied
the patienr here will supervise her continued medication and on her return to
Kwajalein will have the patient seen by the Head of the Kwajalein Hospital for
a checkup. He haa been requested also to check her serum calcimn from time to
time to be sure that it returnea to normal.

f12K76a.4z_
Robert A. Conard, M. D.
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i ADKHTBD : Aug. 26, 1969 DISCNARG&D : Sept. 22, 1969

This 34-year-old Marsha llese
lady from Utrik Island was

admitted to this Hospital for evaluation of a nodular lesion of the thyroid gland
suspected of being malignant.

HISTORY OF PRESENT ILIJiESS: The patient was exposed to a
small amount of fallout on

Utrik Island during the time of the accident in 1954. It was estimated that her
thyroid gland received only about 13 rads from radioiodines absorbed plus 14
rads from whole-body garwnaradiation. There were no detectable effects related
to radiation exposure. The patient has only been seen several times during the
past 15 years, and her medical history during this period reveals very little
of significance. When she was examinaed this east March, she was found to have
a single, firm, smooth, freely movable mass of the right lobe of che thyroid. No
cervical lymphadenopathy waa noted. She apparently had been completely euthyroid
though there is no record of any PBI or cholesterol tests. During the past several
months she has noted some pain in the lower front of the neck region when she
coughes and a slight hoarseness in her voice.

PHYSICAL EXAMINATION: The patient ia somewhat obese
●nd appeared slightly older

than her s,tatedage. Aside from thyroid findings, the physical examination was
generally negative except for slight errosion of the cervix. The thyroid gland
was found to be visibly enlarged and a firm to hard nodular enlargement of the
right lower lobe, several cm. in diameter was palpated. The mass waa movable
and nontender. ‘Ihetrachea was thought to be slightly shifted to the left. No
Iymphadenopathy was noted.

LABORATORY AND X-WY FIWDINGS: Thyroid findings revealed:
PBI 5.8 Wg.%, total iodines

5.8 ~g.%, iodoproteins 1.4 Wg.%, and T-4 3.4 pg.%; BMR -25; cholesterol 188 reg.%,
esters 148 reg.%;thyroid autoantibodiea showed less than 1-16 dilution reaction;
thyroid scan ahoweda nonfunctioning nodule in the lower right pole; the gland gave

8ood ‘~c response after TSH stimulation but no increase in iodine uptake res-
ponse. The chest x-ray revealed slight shift in the trachea to the left, pre-
sumably resulting from thyroid pressure. Stool examinations revealed trichuris.
Urinalyses showed moderate nmber of RBC and WBC.

I PREOPERATIVE HOSPITAL COURSE: Soon after hospitalization,
the patient had a bout of

uPPer respiratory infection with alight fever and cough which cleared up within
several days. In view of the positive urinary findings Gantrisin treatments were
started. Later urine samples were noted to be free of RBC add WBC. On September
7 the patient was transferred to the Cleveland Metropolitan General Hospital.

SURGERY AT THE METROPOLITAN GENERAL HOSPITAL: On September 8, the thyroid
was explored by Dr. Brown B.

Dobbins. A total right lobectomy was performed removing an encapsulated nodular
masa about 3-4 cm. in diameter whose cut surface was white with fine granular

SW 720A
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character . TWO additional pea-sized nodules adjacent to this tumor were also

included in the lobe that waa removed. In addition an exploration of the

retrothyroidal lymph node area as well as the anterior mediastinum was done
but no lymph node involvement was noted. The entire isthmus was removed. The
left Lobe was left intact.

POST SURGICAL HOSPITAL COURSE: The patient’s convalescence
was uneventful, and she was

transferred back to this hospital on September 10. Her subsequent course showed
uncomplicated healing of her wound. A repeat scan of the thyroid showed absence
of the right lobe. She was started on thyroid hormone therapy and appeared to
be in excellent condition at the time of her discharge on September 22.

I DIAGNOSIS:

511. Follicular carcinomam with capsular invasion and minimal blood vessel invasion.

DISCHARGE MEDICATION: The patient was informed that
she would have to take thyroid

medication concinously from now on. She was given a supply of Synthyroid tablets
and was told to notify us when she ran low on her supply. She will be checked
again on our forthcoming medical survey in March.

@~Q. ~
Robert A. Conard, M. D.

RAC :LR
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Appendix 6

Marshall Island Radiochemical Urine Analysis 1967-1969

Subject #

1

2

6

8

9

11

14

15

16

17 -

23

27

34

40

41

47

—

&

69

17

15

16

37

65

40

22

54

18

19

41

60

44

59

23

Sex—

F

M

M

F

M

M

F

F

M

F

M

M

F

M

M

M

Year

1968

1968

1967

1968

1967

1967

1968

1967

1968

1968

1969

1967

1969

1967

1967

1968

1967

1967

1967

1969

1968

1969

1967

1969

1969

Rongelap Island

!QuEQ

1070

360

700

650

180

1600

1400

790

1800

1720

1460

650

820

810

340

525

400

1160

480

1080

730

1400

1600

960

1150

mgCa/liter pCi90Sr/liter nCi137Cs/liter

15

10

19

5

29

75

121

125

13

46

200

55

20

221

29

13

26

58

152

98

124

170

25

94

88

1.5

4.4

2.6

1.3

6.3

1.3

2.6

2.7

1.0

5.2

15.0

9.0

4.4

4.0

6.3

4.2

0.4

2.6

5.0

4.0

4.4

3.8

0.8

3.7

2.3

1.0

8.6

3.2

1.1

2.0

1.0

1.0

0.7

1.2

2.6

11.0

2.5

3.2

1.5

7.7

7.8

0.2

2.2

3.3

3.4

1.8

1.9

0.3

2.7

1.5
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49

49

53

64

66

73

80

805

814

816

830

833

840

845 .

851

856

864

865

882

900

914

915

&

21

30

23

45

45

33

60

15

17

19

30

36

39

39

60

69

43

36

36

12

34

72

Sex—

F

F

F

F

F

M

M

F

M

F

M

M

M

M

F

M

M

F

M

F

M

M

Year

1967

1969

1969

1967

1968

1969

1968

1969

1967

1969

1968

1969

1967

1968

1968

1969

1969

1967

1968

1969

1967

1969

1968

1968

1968

1967

1969

1967

1967

1969

1969

!!!sM2Q
460

500

300

820

1100

840

1680

1460

780

1720

1220

1460

160

620

1620

1160

880

1100

1180

1130

980

620

1745

1000

780

1400

1000

710

660

940

220

mgCa/ liter pcj 90 Sr/liter
~ci 137

Cs/liter

118

47

120

125

117

130

38

69

202

120

89

170

36

31

49

63

260

162

149

230

210

180

56

213

20

46

94

23

106

80

120

15.0

8.6

5.0

6.3

6.4

7.3

0.8

2.3

5.4

2.8

1.7

1.9

5.8

6.4

5.2

3.1

1.9

4.5

12.0

14.0

3.8

3.9

4.2

5.2

2.4

0.9

1.0

6.4

7.7

5.1

3.7

L.7

5.8

L+.6

1.1

3.8

4.0

0.5

2.0

5.1

1.0

0.9

0.9

4.9

‘!$.1

3.4

2.5

0.5

2.5

1.1

2.5

2.0

4.0

3.7

3.3

2.3

0.5

0.7

3.7

3.0

3.5

5.9
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Subject #

928

932

945

956

959

966

1001

1049

1050

1502

1529

1

2

3

4

5

6

7

8

9

10

11

12

13

14

&

56

34

a

60

20

37

35

9

33

30

23

Sex—

F

F

F

F

F

M

F

M

F

F

M

Year

1967

1968

1967

1968

1969

1968

1968

1968

1969

1969

1967

1969

L967

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

Vol.(ml) mgCa/liter ~i90sr,1iter nCi137Cs/liter

550

980

720

90

560

1760

1020

180

520

280

800

330

630

1720

81

26

32

46

74

45

256

108

170

110

153

320

101

32

3.6

1.5

1.8

1.8

2.1

3.1

15.0

4.4

3.1

7.8

5.6

2.5

7.6

0.8

Kili Island (Bikini People)

480 140 0.35

800 33 0.32

1080 50 0.18

400 82 0.38

220 140 0.82

800 93 0.32

620 100 0.29

380 61 0.34

340 120 0.53

440 64 0.20

260 110 0.15

340 46 0.38

100 140 1.70

600 100 0.73

2.4

0.6

2.0

2.2

1.8

1.8

4.9

3.2

4.4

6.8

2.0

1.0

4.4

1.1

0.16

0.16

0.07

0.50

0.45

0.45

0.27

0.10

0.76

0.39

0.28

0.36

0.56

0.23
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APPENDIX 7

INDIVIDUAL HEMATOU3GICAL FINDINGS 1967

1

Plat. –
;xY& 3)

Neut. I Lymph. Mono. Eosin Baso. Hct. RBC Hgb . Serum
Pt. # (X1O-3) (X1O-3) f(xlo-3) (X1O-3) (X1O-3) (X1O-2) (7.) (X1 O-Q (g) Protein Q)

13-15

2 222 7.48 3.85 I 3.22 0.07 9.26 0.70
3

53 412-
307

12.2 7.2
10.80 4.32 , 4.00 0.11 1.94 4.30 36

5 335 8.05
343 9.5 6>

5.511 2.13 0.08 0.24 0.80 37
54 180

358 10.7 7,5
5.89 2.77 ~2.00 I o 1.12 0 37

85* 216
370 10.1 6.~

7.83 4.74: 2.58 0.16 0.35 0 39 438 i 10.7 7.4

Mean 252 8.01 4.231 2.79 0.08 0.78 1.16 41.4 384 10.6 7.0
I
1

osed M~les, Ag? 13-15

6 I 205 6.85 2.061 4.32 0 0.41 0.70 36 384 9,5 6.8

I
i

I I
Ron~laP Ex~osed Fe4ales, A~e 13-15

I

33 279 5.82 3.31 2.27 0.06 0.12 0 ’41 437 12.2 7.8

65 2-15 8.17 3.43 2.70 0 2.00 0.40 38 396 10.4 7.1
86* 211 14.70 10.58 2.50 0.15 1.47 0 39 414 10.1 7.5

Mean ] ~ 9.56 5.77 2.49 0.07 1.20 0.13 39.3 416 10.9 7.5

Ali lingnaq Expose~ Female~, Age 13-15 I

8 206 6,02 \ 3.07 2.35 0.06 0.54 0 36 402 9.5 7.5

I
I

Ronaelap Exhosed Mares, Age w 15-’io

9 l~p 7230 3.57 3.06 0 0.58 0.70 4k 414 10.4 7.0

-iO 264 6.22 =--- --- --- --- --- 47 497 j 14.4 8.5

19 207 7.57 3,94 3.07 0.04 0.45 0.80 45 520 12.5 I 7.5

20 255 5.54 3.30 1.72 0.11 0.36 0.60 50 I 513 14 .8 7.5

I

>

I I——
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1 ..-.. _ ______ _., _.

;

t

27 8.
1 ! -r ~ ~ -*

—.. -.

Plat. tiBc Neut. , Lymph 140no. Eosin Baso. Hct. RBC Hgb . Serum
Pt. # (X1O-3) (X1O-3) (X1O-3) I(X1O-3) xlo-3) (X1O-3) (X1O-2) (%) XiO-4) (E) rotein(g)

23 226 7.39 2,81 , 3.14 0 1.44 ‘— -T— “—o 479
185 4.48 3.07 0.08 0.44 ‘-– ‘-— m- +:

10.::
0 41

32
—---

178 3.10 4.40 0.10 2.40 0 42 ‘--399
35 310

—. —-.. — ___
-4 ,7% --- [ --- --- --- I --- 53 --5m %— .A—

36 212 6,73 3.50 I 2.69 0.13 0.27 ‘ i~3~ 45 ‘5~2- 14.
37 219 6.25 2.38 i 2.81 0.03 1.00 --T—-
47 i98 8.12 5.52 ; 2.15 0 .
73

-- .+ -<g._ 1’:2 :

232 5.90 3.10 ~ 1.71 { 0.12 0.32
77 223 5.31 3.24 ; 1.96

I
o 0,11 +.. ++ ““

)

~:; ~~o,

LL.Y 1.15
r —. —
I

Mean 222 6.86 3.54 2.71 O.(J> O.l L u . 3L 4>. >
~.m- .

1.3
—. —.—- .— . ___

I -.— ----- ._. ___ -
f

[
—.

I
Aitingrrae Exposed tales, A~~15-4~ i

I I
L& 205 lL.30 6.95 I 3.84 0.23 0.28 0 43 496 10.7 I 7.5

I I
I

~osed Fe&ales, Ag.e>15-40 I

I I I
12 25& 5.41 2 &9 2 84 0.03 0.05 0 &l UM2 17 2 7 L
14 172 6.50 L 10 ? 15 0.07 0 20 0 36 I Y7R 11 (-) 7 LA
15 282 5.72 1 3.’40 2.12 0 0.20 0 37 386 1(-)L 7 2
17 208 6.11 3.15 2.51 0 0.46 0
18 .I

33
m 11.30

414
8.53 1.86

8.6
0.23 0.68 0

8.5 -

21
39 [

255 6.80
426

2.53
11.0

I 2.97 0
7.4

0.62
22

0.60 39
218 6.32

399 10.1
3.95 1.99 0

7.3

24
0.38 0 37

236- 5.34
372

2.40
11.3

2.16
7.0

0.13 0.61 0.30 40
39 314 8.25

4i27
4.33

11.0 7.5
3.26

42
0.08 0.50

195
0.80 41

6.57
410 11.6 7.5

2.63 3.35 0.07 0.53 0
49

36
321 6.63

344 8.9
2.88

7.4
3.12 0 0.66

61
0,30 36 I

340 8.91
395 10.7

5.57
7.0

2.90 0.08 0.36 0
72

38
245 5.02

402
1.56

10.1 8.0
3.16 0.05 1 0.25 0

74
36

286
360

12.90
11.3

7.61
8.0

3.35 0.26 1.68 0
75

46
344

472
I 11.60

12.2
4.93 3.19 0

9.0
I 3.36 0 45 429 lL.9 8.5

I I I I I, [ 1 I 1 1
Mean 262 7.56 4.00 2.73 1 0.07 0.70 0,13 38.7 404 10.8 7.7

I
I I
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BEST AVAILABLE COPY

Pt. #

L

(Ihr3) i ‘Bc
i Neut. : Lymph. Mono . Eosin.1 Basio. Hct. RBC Hgb. Serum

(xlo-3)’(X1O-3)1(X1O-3)WO-3) (XIO-3)l(xlo-2) (7.)
– l–- ‘ I ‘-----.-–---l -+-

(X1O-4) (g) Protein(g)
— ..-.

I l—”– —--”-’---—’p+’ :
I

ae Ek~osed Fkmale6‘z\Age >L5-40
I I 1 1 I

-/

(-.

..

—.

418. ..-
&i!o—..-
431

“416.-

M ean 247 6.00

q

2,56 , 2.93 0.05 0.41–1 0.85 l’–3k.d -426
-! – --t—--- ----
—.. -..—. _. ___ ..-..

‘“ “-”---‘– l–-’– I“-”-”I I I I

I $ I I 1 1 I 1
lean 223 6.16 2.88 ?.83 0.09 0.31 0.38 42.8 i 424

[ I I I
l— 1 I T r
1 I I I I I

Akl.ad EXDM ed Males. ~ze >401
r

I I I I I 1
16 221 4.65 2.77 1.88 0 0 0
41

45
19L

560
L.55 I 1.98 I 1.96 I 0.05 0,21 I o I 42 I 438

I 1 I I I I I I I
Me an 207 4.66 2.38 1.92 0.03 0.11 0 L3.5[ L99

I I I I I 1 1 1 I
1 I I I i I I I

I I i I 1 I I I

—1—-— .—- _
.—.

k
.—.._
8.3 8.3— ..--.
11.9 8.5—.. --
5.3 6——
9.5

.~ ..—
_-._2 _

-77– hT7--

1
.—..——..——._.—.—...—__—.—.__

I—-, .
J. ]..JJ---

%&
,

11.2 7.1,
I

I

I

I
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Pt. E Plat. WBC Neut. Lymph. Mono. Eosin Baso.

,QlJo:3) (X1O-3) (xlo-3) :(xlo-3)’alo-3) (X1O-3) (X1O-2)-.—,—— . . . . . . . . . , .—. —— ——--—. .
.—-— ,— _ !——.. . .——-. — _. _____ -.

—— >—— ,— ~n~elap Exposed Females AgeWO

.— .-—. L——.
14 186 6.59 \ 1.68 ,3.62 0.L3

.m. .

58 213 I 4.70 ; 2.07 2.54 0 0.09 :“
60 217 :10.00 ; 3.45 5.05 0.05 1.25
63 217

2.00
5.00 1.98 2.75 0

.—. .-

~
0.27 0

30
.— —. .

0.08 0,38
~++-%+’-”+- o ‘““

‘0.80
0.20 0

~ 217 / 8.37 ~ J+.31 ‘ 3 18
——_ -

0.08 0.80 - 0 ,
78 290

———-
I 5.44 2.04 3,05 0 03 033 0-. -_ .._ . . ..
$

Mean 231 ; 6.69 2.91 -m— ‘—0.05
.—. - . — . .. . .
0.&8 0.35,

.— ,— ——. —-- . .

1 137 ,
—— .-

~~LUL5–_ ~
45

JUf.. o
275 ‘~’ ~’_lJ2.JQ J2/k_Qu._,_o

59 208 8.82 1 2.69 ! 4.67 0.05 J~_ 0.90

tb:ean 206.6 ~ 6.53 ~ 2.87
———

; 3.01 0.07 u— -UQ-_

Hct. WC Hgb .
(%) (XLO-4) (g)

.

Serum
Protein(g)

“58

40

38
41
38
-40

>3.
43---

349”
.358:

352
437
409.—.
393
411____ .
379——

“mm

To-—
%4
=4
11.3.—
11.6

~
11 6-.

1.0 “—
-i,?– -
77.—._-._—
6.9______
8.0
7.5

7.3
7.9

.-. .- ---- .- —- .
42.6

—-—
386 _11.0 -74’--.. —s-

--- .... . . . . . .. ______
-...__ __ . _.. -

---- —-— _ —.— . .
.._ .— .——. .

ii. . 395 u.-. . _-u.. _
3fL. -3LJLQ____ 7 5
.Jc .—_.445_—_lL6___ 8.0

—- .——.— __
, —— .— —., —

——- — ____
I I

88 207 “
———_ _

i 6.78 --- i --- --- --- --- 58 618 11.6 7.1

89 228 I 5.06 ~— 2.23
—— . .— _ _

0.05 0.35 ,0.50 38 409 11.6 6.5

90 _ 282 5.20 I 2.24
——.

I 2.65 i 0.05 0.16
——_

1.00 36 386 8.3 6.5

91 292 9,62 4.81 3.85 O 1.01 0 ‘——38 354 10.7 7.8

93 308
—— —— .-. ——

I 7.47 I 3.25 3.77 : 0.15 0.30 o 37 407 11.3 7.3

96 , 4&5 ~ 8.01 I 3.64 3.48
——

0.08 0.88 0
—— — —.— .. ...
36 399 10.1 7.2

97 I 218 I 13.70 { 8.29 ‘ 3.15 0.27 ‘——”——-——–1.99 0 38 Lo1 10.4 7.1 —

104 261 15.40 9.32 I 4.16 ‘—-” m-T—0.15 1.62 ~ 10.4 7.5

110 214 11.20 6.10 3.53 0
m.- .3P-.

7.4 –

111 417 7.20 , 3.71 ,~—T—–+-:~ ~:.1 .3 10 0 07
113 300 ! 10.00 i 6.80 ,*I 0:05 ~--”~-–~~ lL.O ‘–—
115 339 14 90 ~ 7.60 5.36 ,~;m–

~~ 8.i8

~“~—~ LL.U -
3 82 4 u} u U8 ‘~—~~—,~ LL,U - 1.4

~ L1.40 ; 4:bl \ 4;~ ; U;Ub ~—~ -T—-C52-- lu. f
.—— —

— —.-— .—— —...—— — -— — —-—

— — —---— .—. ——. — .- —-.
,
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—...-—.., .. --- ..- ~-. .

Pt,#
;Plat. ; WBc Neut. — ‘~~~~~ Beso. Hct . RBC

—.-.— ....—
Hgb .

;(x1o-3) I (x10-3~(x10-3) ~(~~$i (X1O-3)
Serum

(XIO-3) (x1o-2). (%) (X1O-4) (g) ,Protein(g)

_.. .,.
*...:.
~--- -
—.—

T’ ‘Ii
- —-

L__. .-.-l .—. , . ------- <.-— ——. —— —-- .— —.. ‘_. -_ - ______ ---- ~

_lJ.l+JL I Jus?_ I_U&- ;. LQ4_ o 0.83 O 39 448 .lJCl,’
132 \ 7.31 i 4.13 ; 2.81 .j0.07 029 0 31 399 9 5

—. ----- —.
.-— —.- _.. . _.. _ . .. . ~.. .

141 ; 450 ;11.80 .! 6.55 4.37 ~030 059 0 29 444 7,3 “-—
142 12.50

—.- -.. - .- . . _______ .. . ..

~ ~~~ F

4.63 -! 5 31 0.19 i 2.38 _I o_. ..;3.i411411 ‘%-r .—-——
—b, -

148 8.31 ; 2.58 5.32 0.08 : 0.25 0,80 ‘mT-
150 377 I 14.00 ; 3.78 7.84 \~~’– ‘“0””’---.“3_5 ‘“ “465 ~
1 ! 7.97 / 1.43 : 5.66 0.04

~g. I~py.

~ “=; 10.60 i 2.01 ! 742
* ;: ~a.-

; . ~-+=+ U:lb

o 53 ~‘“37’ 4’11’--
~t78L m“– o

**-.._ _.
-. - -.—.- .-... —- —.

1
Mean , JZb ./4. & ‘.” ~ ‘ “ ~ - ‘--~+-~:~-:~

I —— —-. --------- .— —
1 \

-— — —-- - --— —- .——-— . .

:.
—— - --- . . ..— \ —----- ,-, . .. . . - —.. . _

I kAwluwqf.&xQQmdAumt (s LA@ ’sll--_.’ .— -. —-.. -——

—1 ;

— --, . . . . . ..-. — .- -— ..! —- ..— ..— —

I

92 ~ 226 i 8,99
..— ,

: 0.18t 4,50 3.33
. . .. . . ---. ..— ,__ ,_.

! 0.90 --’”0.90
I1O.7O

; 39 i 402 ! 9.8 ‘“ n“ “---”
94 t 279 ; 5.83 I 3.85 0.11 ~“- O ,, i~~”~ ‘-4-5~-”;l L.0

-. . . . . —. .— - -..

~~~i-2.85–~~
7.4

100 227 Iw” o ! 34
11

!— ‘32~”’ ,8.3 ‘7.1
~ 310 ,11.40 i 5.07 5.42 ! 0.11 ~~~– ““0- “--- ‘ ~“, 407 !12 .2 8.0

103 325 7.05 ~ 2.89 3 45 ,, 14 425 4 6.0
105 382 I 88 3.69 ~: 0.13

-m%---~-~ ,.—
,.

~- ~— .* 425 11.0106 115 I 4 72 1 35 78 8
~ 255 ;14:60 j 7:52 ~ 3:80 ! 0:~~— “~- 39 407 ,11:3

! o 7,3
7

~~~~~ 39
. .

370 , 8.9 7.8
117 448

— -——
9,39 , 4.55 4.04—— — — ~ 0.19 0,52 0,90 33 380 10.1

119 .332 ‘13.30 ! 5.25 ‘ 5.72 0.13 2.06— 1.30 40 !376 ‘12.8
120 209 ! 7.65 \ 2.94 I~ 3.02 0 1.68 0.80 —’r38
122

~ 9.8 7.5
; 431 ! 8.48 I 5.60 ; 2.08 ; 0.08 0.55 1.70 ( 36 I366 ’12,2 I 6.4

123 ! 414 III 6(3 I 3.77 { 5.63 0.23 1.97 ‘ o 37 I402 10,1
124 323~— i 3.79 2.48 ~ 0.16 0 io ~418 9.8! 37
125 296

——
9.85 i 5.91 ; 3.84 0.10 -!0 o ~ 37 414 lL.O 7.L

127 240~ 6.66 2.33 ,I 0.28 ! 0.05 _: o —IF: 33 10.7
128 ‘+70 :965 1516 37? III1O ‘n.Ls n L? 462 1? <,< ---- ---- .-..
134 I iii \ -:--11 90

—-
s274 !839 ‘O

.-, .— ----
077 ; 36 410 10.4

135
-- —- — —,—

I 562 115.00 I 8.93 4.05 i 0.23 , 1.80 !O ) 37 400 11.6
136 I 414 118.00 113.50 I 3.06 ~~ 1.08 ~4.50 , 36 414 9.5
137 247 , 7.72 4.59 / 2.70 , 0.08 0.27 0.80 I 34 470 9.8
138 ~ 510 / 7.58 ; 2.77 I4.Z j 0.08 m—i O I 42 448 7.5
139 519 /12.10 I 3.63 i 6.29 i 0.12 m-, o ~ 32 i 441 ‘7.5
140 I 366 114.90 ,11.18 2.98 , 0 -m–r– ~- ~484 ‘
143 414 9.39 ,. 74 4 51 0 09 m~~~ 7.1
lk4 383 5.75 i 2.30 k+ 0:17 n- ~~” 434 ;9.8
145 435 115.0 3.55 ‘~ ~—-- ‘———3= o 36 395 8.9
149 I 528 \ 9.71 3.40 1 5.29 0 15 1.75—~ ~ 36 b 370 8.6
152 498 1 8.64

~ ——-— ——
! 3.37 i 4.49 0 09 0 60 0 90 34 I 509 $11.0

153 474 I 9.09
-- --.-A— .-

5.95 277 0 14
—.

023 0 28 342 7.5- -—. ..— .—
154 ~ 377 t 10.60 I 2.70 7.10 f&32 048 Q 30 —~390
156 304 6.19

—-. . ——
3.53 1.92 0% 0.’52,4 0.60 I 26 273 ~

I ( I I

Mean ! 361 I 9.98 l~a-4 !404
-— —

10 ‘ ‘O 42_,, . ... - t 408 9 9
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~ Plat. WBC Neut. L~ph. Mono. Eosin. . Base,
——

Hgb . 6erum
Pt. # [(X1O-3) ; (xlo-3)(xlo-3);(xlo-3),alo-3) (X1O-3) (xlO-z) :;;” (X%-4) (g) Protein

.——. —. —-. , ..----- ...— ——, —... —.-. .—. -. ... . (13)
(—— ‘——
I . ..-. .—
1

813 250
,——. !._.

;~~ 2.23 3.64 0.06 0.18 ‘0- 39
-—---—

‘Zlo 11.0
.TT.

21 2L5 ~ 8.10 ‘l~”-~i~ ‘-— ‘“
+

1.30
“~~, ~’~”TzT--” :.30-

34 - -GOi TO
..T:r

28 -4-1“-
...4*- ~

--T-3--
~++ 7.6& I 3.44 ~ 3.29 ‘~ m- ,-0.43--”“-4?)““ 429’ “m 1.5
lUJb I 5.19 i 2.83 ~

—.
2.10 0.16

;$+
0.10 !’o ”-- “-44 -

,—-—
‘ 10.4 74X50. . ....).~

1052 6.59 4.55
—,
~ 1.78 I 0.13

—----- ......
0.13 ~ o -41 “ 407 11.0 7.3—---- ,------- -—--— ...—

I I
Mean 1 JL)L ,.: .31 ;~ 0.10 ‘T’5s-[ -0.’2s ‘-ylj.~’ ~–-~~-- --~

I l—--—–
_.—.- ._..-..---.—— .-—.

t--- ==: ‘-z ‘:: “:--l”=;—- ‘“—

-—. .
—!

—.- .- ... ..—..-.— ,,. ----,-— -._.
-lap Unexposed _,=-_!____ ..:I ——

I .—,
1.977 06 I

I
:UL41_, JULlR51: “.0:.... .39 ..:&&L -fl_L_

L 70 z% XIL’-&124-JLQ8 ._.,.0....... l?- L.4U. !W. “ -z_l_
~~ 257 ;.-U2__;—4L.lfL &&; —JLQlLJ -(2A1 ... 0..80. ..42. 418 :J&Z___ - _z-4.-

@iL-_-! _i&lfil_.ZQ_. ,-aQ–’
911 208 7.5k I

JLQ4-,-L.90..- ..0.40. ;-u._-: ~QLZ___
4.83 —U5Q—!UEL -.’~ ; 37 376 ~~

937 I 287 8.31 k 20 I ‘__(UJ1-QL54——L’A—~~
~w ; 6

11A!

27 3.07 2.82 I _Q3J3-&__.,JiL—~~
7.66 0 -L.3.0— ~~~

988 I 230 1 70 I 0.03 m=;y:~,~a
996 I 234 8.66 14 59 2.94 I 0 —’.~~~

I-—— —-— .
&an 269 ~ 7.60 3.90 ~ 2.80 0.05 , 0.84—: 0.19 ~~ 10.7 7 7

I ,— —
I

— —,
1- 1 1 I
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Pt. # ,Plac. .; Lymph. Mono. Serum

(X1O-3) (:PO.3) (x% (X1 O-3)(X1O-3) ‘ (:;;:1) (%:;) y;; “ (!YO-4) y:;’ Protein(g)
— ,—-----.— .—— .. -------..—. — .—, —— . . .... .. . .. . ----
.—— —( . . ~on~elap Unex~sed Males& Age>15-40 -. .-

..—: ——-:.—.—.
815 225 6.70 2.58

--—--——.. ......... -...—— ......_ -----
. 3.42 0,03 0670 44 453 11.6

823
-.—— --------..._ _. ___ 7.7

301 ~ 7.14 4.93 ‘1790 0.36
———— .

0.JQ-. .+2 _.._:g. ‘xi. -,— 6.9
827 236 ; 9.05 4.48 425 0 X47 - 0 ... .;; 12.8

.—. — —..
—. —. 7.7

830 207 ~ 6.08 3.04 .*;-”— —-0.03 0.67 0 433- ‘-~ ,- 6.9
—.

833 269 5.09 : 2.42 : 2.32 0,10
— -.
0.25 ’0’ ‘“- 47 ‘“

4.94.
8

& 231 10.00 ; 4.10 “-“ ‘E
+4

-~~ -1--&y- 1.00
,.

272 ~~--Z-r7- --UT13-m - 0 -$

~“~;~r 3.12
,V.. ~-m.. o

g.-. + “7T8—————

..-....’:::.““”-
881 ‘ 270

-—. — — .-c
6.48 [ 3.18 - 3.08 0.03 0.13

.LW—. +5 :.:7r

0.60 437 x? ‘—--7.4
882 212 L.85 ! 1.36 ——-— -. ._ ---_____ .457 m“2.96 ~ 0.05 0.49 ‘“ “T” ‘--”-:-Zi-

- —. —

885 i 229 111.70 ~ 6.55 4.10 O 1.05 0 ! 45
919 210 5.41 1 2.73 >~ 0.05

435 ~ ‘-:::------- . ......
0.35-- 0 -“”-”m ;-K-3- –

939}7 ~ ~~ , 3. 3 ,“~~~- -o-go--:$--- <;;- ~-.– .T. _
963 1. 9 44 -~~ - -.: ----m--.–’.

958 321 --- “-—”-’” “-”-” -c!2——
m- ~ -+... -

;~.~ -:- -:- ---,--

~-.+

9t16 257 2.66 -&T -- :--&-~-;+T
-*” -

1 4.79
-f-m ~-..

971 321
—, —- -

; 5.28 1 1.93 ~ 2.85 ~ 0.11 0.40 0- ““”\~S-—” 434- 12.8 - 8.0
1033 226 7.10 1 2.84 $ 3.44 , 0.11 \T.m —”:-6 ““’,“w-’ 465 i 13.2 7.a —

150L ‘ 188 1 5.30 i 3.26——
——

.1.99 ! o 0 4670.50 .~_
1519

——— 12.8 7.3 -
336 6.20 , 3,07 2 79. 0.12 0.16 : 0.60 48 468

1523
12.8 6.a

368 6.72 I 2.76 1 3,70 I 0.07 ‘ 0.20 0 51 > 560 11.9
1524

8.0
227 I 6.71 i 3.86 2.48 O 0370 50 4s~

1526
10,7 7.5.— L.,— —

205 9.95 f 6.L7 303 0 05 :070 0 ; ’74252- - —-—” 14,8 7.5
,.—— ~

~ an
—.

! 259 7.14 3.55 [ 3.01 : 0.05 0.48 0.20 45.8 ! 470—’ 12.4 7.5

,., I I
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Plat.
.— .—— —. _. .. .

WBC Neut. I,ymph. Mane. , Eosin.
—

Base.
Pt. !/ /(xlo-3)

Hct. RBC Hgb . Serum
: (X1 O-3 IX1O-3) (X1O-3) txro-3) (X1O-3) (X1O-2) (%) (X1O-4) (g) Protein (g)

-.-—- .-..—,.— ... .------ .—. .-— .
.—.. — — ———. .-~ .——___ —— .—

IZo@clap Unexposed Females, A~
—

!— \ –—. —

;~-~l–-~ 2.50 ;-~~gl-

.—

829 223 0;60- ’34 33-I -Tr& +.. &.... -

835 ~ 487 I 9,35 , 4.63 4.02 0.28
—— .

0.42 0
.—. ._ ___ .

841
40 -

~ 253
‘468’ 11.6

1 6.21
—. 7.5

4.16 ~ 1.61 : 0.25 0.1? o “35 364
.——_

865 9.15
9.8 6.7

7.l& ; 1.78–’
~+

0.14 0.09
~T9_ ..;.

-“36 “365
.—. .—.

~~~’ 3.12 -40
~.8 _?.:O.. __

426
888 239 : 9.98

..-———.———
6.19 I 2.30 O

43. ,.9–-12...
*O- o

891
40

237
;290 10 4

i 8.03 1.85 0.085.66 o.44-_ o h6
- ._.L _

: 6.53 / 3.59 : 2.71 I 0.10
433 .~2

896 252 0.13 0
-.—

“ 39 392
.—— . —

909
86 7.6

; 219 , 6.16 1 2.68 2.71 0
—. .

0.71 0 ‘“ “-30
-- — .-

329
- ..——. —. .

73 5.6
914 217 5.96 ; 2.50 ‘ 3,01 ~ 0.06 70- ‘“ ‘“”’ ‘“--””–””——- ‘— —0.90 37 L05 .,>3 7.0– -

-925 1 3TT--’~ .99 ;-rzr 0.12
— . .

0.31 “O” ‘“jt ””- ‘Lo 1
—.—-

10.7 7.6 -
1%~926 225 * 4.75— 0.11 0.81‘“- “i-.lo”’’Zi””

.- .-—-. —,
473

———
12.8

932 300 /-nrrr! 3.36 , 2.93 --- ~z ‘o~Q- —- . . . . .—— .

mrrrrmTr-Tm-T.To-” 6“ ‘“ %
420 ~q-

—.-—

~~
7.8. ... —— - _:

~-+w-n%-’~,-- ~~ ~~ o - -35
426

——
10.7 7.5

376
.-—

—— .—. 8.9
946 I 256 , 7.59 I 4.33 ; 2 96 0 038 0 “45””
950

—.- 448+.—— .— —.: .- —
12.8 .. .-–. ._

i 315 ; 10.00 m20 / 5.55 ()
.—

1.20 i~ 41
951

fb33
. 342

11 9
7.72 I 4.01— 3.51 0

79
0 27 0 ‘––”--—— ‘–” ‘–- -

959
37

227
496-— ..---— ___ _ 11.6

~ 6.44 ~ 3.16 ~ 2.74 0.16
7.4 _

0.39 0
960

41
298

414 11.6 7.5
11.40 6.73 ; 3.65 ; 0.23 0.80 ‘-—- ‘“-’1.10 40

993
450

246 I 8.93 ! 5.22 ; 3.26
10.4 8.5

0 09
—.— —

1001
036 0

108
38 414-- -— ..—. — _ 11.3 6,9” ;

I 8.89 1 5.60 2.04 , 0.09 0.18 0 90 42
1035

fb40
325 I 7.74 I 2.21 ~ 5.19 ; 0.08 ‘— --

11.6 6.8 _———

T043
0.19 0.80 42 414

L 267
11.0 8,3

~ 5.62 3.09 2.08 0.06
——

0.39 0 ‘——
1050

40 414 10.7 7.6
I 275 i 5.42 i 3.14 I 2.11 0.05 0.11 0 ‘—”—

02 166.
— .-.— L_. 376 11.0 7.5

j 7.54 ‘ 4.37 ‘; 2.98 0.04
+,

0.15 0 39
233

445 10.1 8.0
8 34 ; 3.17 0.07 0.14 o ‘“——

+?+/ 317Z
41 396 11.3 7.6

5 I 243 2.19 —O=- ‘-- ‘“—0.19 0 -TT——— 390 10.4 F.9—. ..—— — ——
I

Mean 263 7.,. 33 ~ ~- ~–” ‘–(j-~~~r~ 10.8 i’, i
.—

I I
1

—. . ..— —

1

[
— — —. -— -———
I
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Pt. # ‘Plat. Neut. Lymph. Mono. ~ Eosin
‘(X1O-3) ~ (%-3)(xlo-3); (xlo-3)i#lo-3) ;(X1O-3) (%:;) ~.;” (%-4) ~;~- P&n: (g)
,——..—— :—. , .. -—. . . . .__. -—--- . . . . - . . . . . - _

—— .—— — .——— , _____ —___ ._ . .._ ----- ,
1 Rdm ela UneR p xposed Males, AueX+O

.— -...— ..—
.— .—.. ._______ .—..
— .

850 ! 228 : 4.73
1

2.67 ‘—:1.66 \ o.35 0. . . <.2 . .. 425 \lT.30.05 ‘“-” “-””- ‘- - ‘- ‘“
—.- .

853
..—, —— . 7n———

dl.qJ.&+L_-Jd+QJ4 __Q.-. _.
-- --- ,— ______ _

.0.. .45
855 ~ 205,61

4Q2.
;~~.1 Q ‘ lZ

—12.5 7 8

856 239 ~
258. J,fL7 .- 7.6

4.75 I 2.04
860

,--iLLk 0.05 d2_’ .. ..o .. ...- .-41 . 4Q0. ‘_lfL7. .__Ut___
234 , 6.52 I 3.55 ~ 2.09 ; 0.20 . -

864
0680.

241
-34 ...’.2EB_ :_8. O. 7.7

6.42 ~ 2.18 3.92 0.06 g~26_, O ._47 ,.--472 L9.. .._2.d___
868 ~ 127 !~’ 2.65
878

_J.d.7LJUL
275,

,Aa 043
7.19 I

_45 u.__JJ_6 7 q .._
5.07

884 225 ,
~~_dld6– .-Q -- -41 .- _42n--.A7

7.16 5.94 , l.1~
-.A& ._

897 : 227 7.12
.~J7. Q.. _. .-4&_ ?~l 11 ? ..~..

3.74 ,_ 2.78
915 341 ~

~~~. Q ..-. ~~._ 37.9 ‘J6 7 q
4.26 ~ 1.77 2.17 0.04 0.28_ _.C!..-

935 212 ;
,.-u..-. ..44. _l.1.J.....JJ____

5.42 3.96 1.d4 , 0.05 0.11.- .0 ....
944 ~ 211 /

;.A4-._. ..389-!Jl,.J!_ &2___ .
6.29 ~ 3.27 2.52 ~ o.06 0.38-. L?..6Q.-4tl ._ 473 ,~0

947 259 9,84 7.33 1.87 i O
JJ.-.. .

—U4... ..0....... w. . L,A4
961 268

-—
7.67 4.03 2.65 0.08 &14., ;-0.80

.JQ?___

9 9 267
—.— -4+ .._ 456 ;J3.&- -_ZJL___

+ 210 ! :::; -– f-~-: :.05 ;—:+J–: --:-”-“ *-
Q&_l 11,(J .7

250
11.6 6.5

7.66 , 4.90 , 2.41 3.08
——

0.23 0
T515

43 410 11.0
252 6.81 ; 4.12 :

——- — _ 8.2
2.32 0 0.31 0.70 41

517 458 9.50 4.28 4.85
—.— ._ 368 11.0

0 29
8.0

0.10 0— -— 43 438 11.0— ——” 7,6

Mean 249 I 6.75 3.95 , 2.40 : 0.O7 0.34 0.14 m-—— 411 11.4 7.5
I-— ______ . .~ ‘— ——<

I

Unexposed Females, A~e–>40 I
——

——, — _ - . _
1 I

844 1s2 + 9.45
—.—

7.56 ~ O.u +’*~L*Z#
~~,– 1.(37-$

*JiJ_.—

~ 6.72 ; 4.70
7.7

“~- 0.53 0 38
——

393
b

—— ~ 10:5 7.6

~~+’ 4:33
0.10

‘+ o“
366

~i;;:—
9.5 7.1

414 11.6 8.0
I 8.93 4.82 I 2.59 ~~ ~, 39

-9-05 L3Z 84 0 ,~- ‘~~–” o .~
365 10.4 7.8 —

,., . 1. , 346 : 9.2
922 250

—-.. 7.0
, 8.37 6.07 ~ 1.46 ; O 0.67

928
0 80 35

276
38a 9.2 7.5

i 5.41 ~ 3.19 I
——-..— - _ _

929
1.84 { O ‘ 0.38 0 37 360 11.9 8.8

220 6.71 3.20 2.75 ~ 0.13
——

0.54 0
941

34 I 392 10.1 8.0
c 256 7.04 3.34 2.60 I 0.07

——
0.95 ~1~~, 10.7 ~

942 210 8.26 I 4.46 89 ~’~–~~ 426 11.9 - 8.7 –
’945 < 289 6 10 I 3.93 i+, ~, 58 -T---b~-zZ53-
956 293 ~ 5;97 2.51 ~ 3,28 ;~.%-”T— ~ -3’g(J---+.+- +T —-

1042 264 4.63 I 2.64 1.92 o.~ ~-— (T”-- ~~~ 10.4 7.b
——-——- .— —.

I I
Mean L48 i ~.u~ . 11 ! ~.~1 ‘ U.U6 ~–– ~ ~--~ lU.b - 7.8

-.— .—— .. —--- ——— .—
—- -— — —..- .—-. — — ——-
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Pt. #

I

Plat. ‘ WBC ~Neut. ~ Lymph. ~Mono. ~Eosin Besci. Hct. IU3C ~ H@. Sem~
X1O-3) / (xlo-3@20-3) :(xlo-3)(/Xlo-3) (X1O-3) (XIU-2) (&) (X1O-4) (g)

—— —,
Rotein(g)

—— ...— —.- ...—-_ ; —— —— . . . ——-. __ ._. .1 ,
_— ~—L

—
,.—. — i

1 I iMale
—--—-——. —--- ____ .. . . .. . .. . ----——

,—
1 —--- .- —-

s~rwz;-z;!:”’-$’z~~
904 7 ;i, o : 1-Q4.: O,,. .~9.;-; t?~_: 7’.6
924 267 5-:; ;~.~-&f@_ ! .Q.. 16 ......._44-...L6. .....7.1
1002 321 7.57 3.67 ‘ 0.08 0.72_.;,._.Q_.. _3-7...._.~&7 ._7.3
1004 I 473 14.20 9.09 ~ 4.33 .Ae.-..:~,a- .
1010 \ 202 6.52
1013

–*..a., 10.1
~ 450 10.50

.- 7.0 -

1014 1 346
38J9_-.. 4.- ‘

7.67 ; 3.07 ; 4..07
,.-. -.. -— .-. -.— ,-

.—
1017 ~ 456

-.—. ---— - .-x _;_ 392 i 10 1
I 6.94 4.51 f 2.01 I 0.14 , 0.28 ~ 0.

—-, - —..
~ 36 440 i 10.4 .6.5

1028 I 547 I 8.54 : 5.38 2.56 ; O
. -. .-.. .— -. ,-—

~ O. OF-’ o 34 445 ;=
1032

. 7.4 -
; 217 I 17.60 --- - , --- ; --- ‘-- ‘“ ‘~~~-- ; ‘~2” —’

1037 ~ 274
—. /—— -- . .—.. . .. .. -—----- 449 ,107 .. 7.4 -
; 5.86 4.13 : 1.35 1 0.18 0.18

.—. -
0.30 34_ .34s ; ;.;

038 / 426 mmr 4.00 ‘— ~,-zm– i - ““- -4.76 , 1.40 ~ –74
1039 387

—- 393
1 I 9.56 ; 6.55 ~ 2.29 /

—— .-. ... . ____
0.19 : 0.53 0 37 316 11:0

046 1 265 7.39 I 2.14— 4.58 O
——. -—

I 0.67 0
1047 485 I 7 74

—’ 32 423 : 9.5
4.06 , 2.79 s 0.39 0.50

!3481.
o 37

1049
402 11.6

I
—— —

8.48 3.73 ~ 4.41 i . .-0 08 0 4160 25 ____~
1056 255 8.o1

10.1 7,8
5.21 ~ 2.40 0.08 _.O.24 ‘ 453 ~10.4

~~ks .~. _.&*+, :;: : 9-:
390 / 13.20 ~ ---

G-’~
--- .-. ---,

K- 366 ! 5.Tm: ;:;2 ‘ o “ 0.09 ; 0
1063

~ 37 431 7.3
! 349 13.80 I 4.28 r 8.42 0.14 097’ 0

1064 ‘ 344
f 34

I 7.14
—- . 399 8.0 ~

I 3.75 ~ 3.25 ! 0.11, 0 04 0 ! 34 ~ 409
1067

— -- .— ‘ 8.6
t 360 . 9.30 6.14 ~ 2.88 ~ 0.09 0.19 0 37 J 344 :10.4

1068 ) 513 !12.40 [ 6.14 ~ 4.59 \ 0.25 [ 1.43—- O 32 I 412 I 9.5
1072 I 446 I 7.87 I 4.09 I 3.62 j O 0.08 0.80 ~ 32
1074 : 341 : 10.50

! 493” 4 8.3
4.36 5.67 \ 0.21 0.26 0 r-’

1076 i 424 8.07 2.78
; 388 8.0

: 4.76 ; 0.12 I 0.32
1077 ! 475

0.80 ; 30
6.38

; 395 9.5
1.85 I 4.43 I 0.03 i 0.06 ~ O i 24 251 I 6.3

1079 I 284 8.01 2.60 I 5.05 0.16 ; 0.12 ,——0,80 ~ 34
03 497 j 5.97 I 3.52 ! 2.2 ! O. 9

1 420 I 8.3
0.12 ,~’”—

1504 358 I 7 61 3
-l—. — 1“

69@:_:.:8 ‘ 0.11 ; o ::: ‘ :!: ;:; 7“0
1

1 I
Flea n I ~b~ I 9.14 I 4.21 : J.bs I .,. bl ~;%ST3--TT6--- 9.7 7,3—.. — —

I I I —— — —,
f I

I
—1— ——

I I I 1
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Pt. # Plat. WBc Neut. ! Lymph. Mono. Eosin Base. Hct. RBc Hgb. Serum
(X1O-3) (X1O-3) (X1O-3) I(X1O-3) 10-3) (X1O.3) (X1O.2) (%) (X1 O-4 (g)

1 broCein (g)
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IndividllalHematological Findings, 1968

Plat. WBC Neutro. Lypph Mono . Eosin. 8aso. Hct. RBC Serum
Pt. # (X1O-3) (xro-3) (X1O-3) (X1O-3) (x 1O-3)(X1O-3) (X1O-2) (%) (X1O-4) protein(g)

RontielapExposed Males, Age 14 - 40
—

2
3
5
9

10
19
23
27
32
35
36
37
47
54
73
76
77
85*

4.62
10.84
11.96
6.80
7.28

11.08
7.80
6.28
5.96
2.68
8.00
7.32

5.48
$.24
6.72
5.72
10.24

blean 724

6 5.02
84* 6.60

Mean 5.81

12 6.40
14 4.52
15 4.88
17 7.40
18 8.52
21 7.60
22 5.08
24 5.52
33 8.04
39 7.20
42 8.48
49 9.16
61 6.60
67 7.38
72 7.88
74 10.48
75 9.24
86*

:.kan 7.32

*Iixposed in utero

1.50
4.01
7.83
3.44
4.26
7.70
3.94
3.32
3.31
0.52
3.96
4.03

1.86
2.61
3.80
3.52
4.10

3.75

2.77
5.15
2.57
3.07
2.55
2..44
3.43
2.70
2.24
2.02
3.28
3.11

2.85
1.40
2.39
2.09
5.02

2.89

0.05
0.16
0
0.24
0
0
0.20
0.07
0
0
0.12
0.11

0.05
0
0.10
0
0

O*U

0.28
1.30
1.19
0.04
0.36
0.83
0.23
0.14
0.36
0.13
0.64
0.07

0.66
0.23
0.37
0.11
1.13

0.47

0.50
2.20
3.60
0.40
1.10
1.10
0
0
0.60
0
0
0

0.50
0
0.70
0
0

0.63

Ailingnae Exposed Males, Age 14-40

1.58 2.54 0.15 0.70 0
1.82 3.86 0 0.92 0

1.70 3.20 0.08 0.81 0

ROnRelaP Exposed Females, Age 14-40
4.03 2.18 0 0.19 0
2.83
2.07
4.40
5.92
3.81
1.17
3.53
3.86
3.71
5.98
5.22
3.40
4.98
4.73
6.92
5.41

4.23

1.60
2.61
2.41
2.00
0.76
2.92
1.16
3.26
2.59
2.20
3.57
2.97
1.59
2.76
2.10
2.59

2.31

0.05
0.05
0.04
0
0
0.08
0.05
0.04
0
0.04
0
0.17
0.08
0.08
0
0

0.04

0.09
0.15
0.56
0.43
0.91
0.91
0.28
0.80
0.90
0.25
0.23
0.07
0.74
0.32
1.47
1.20

0.56

0
0
0
1.70
1.10
0
0
0.80

0
0
1.40
0
0
0
0
0.50

0.36

47
42
41
44
48
48
47
41
45
53
48
49

45
46
47
51
40

46.0

38
37

37.5

39
39
39
33
36
38
41
37
43

42
31
35
45
4J
38
39
40
41
38.7

7.8
8.9
7.5
7.2
7.5
7.3
8.0
8.1
6.7
7.5
8.4

::;

7.8
7.2
7.3
8.5
7.4

7.7

7.2
7.6

7.4

7.2
7.9
7.5
8.3
6.5
7.9
7.8
7.5
8.4

;:;
7.7
8.3
7.5
8.5
7.7
6.7
7.5
7.7
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Plat. WBc Neutro Lymph Mono. Eosin Base. Hct. R8c Serum

Pt. # (X20-3) (X1O-3) (X1 O-3)( X1 O-3)W 10-3) (X1O-3) (xlo-2) (x) (X1O-4) Protein(g)

8
48
53
70
81

4
11
40
68
79
80
82

!lean

16
41

34
58
60
63
64
71
78

Lean

4;
59

7.56
8.40
6.76
5 .“44
4.24

6.48

7.44
6.40
7.16
5.33
4.70
8.26
8.22

6.79

4.68
7.82

6.25

4.84
5.84
6.92
7.10
5.38
7.28
7.65

6.43

6.48
4.56

11.96

7.67

Ailingnae Exposed Females. Age 14-40

4.23 2.72 0 0.34 2.60
5.47 2.32 0.21 0.34 0.80
4.33 2.03 0.14 0.27 0
4.02 1.17 0.08 0.16 0
2.40 1.70 0.02 O.M 0.40

4.09 1.99 0.09 0.23 ~. 76

Rongelap Exposed Males, Age> 40

4.09 2.90 0.07 0.37 0
3.86 2.09 0.03 0.39 0.60
2.51 2.11 0.04 2.43 0.70
3.92 1.15 0.11 0.11 0.50
2.66 1.65 0.09 0.31 0
3.86 3.55 0.17 0.66 0.40
5.20 2.30 0 0.62 0

3.74 2.25 0.07 0.70 0.31

Alinmae Exposed Males, A.ge*40

2.11 2.11 0 0.47 0
4.22 3.17 0 0.39 0.40

3.17 2.64 0 0.43 0.20

Rongelap Exposed Females, AueZ40

1.77 2.81 0.05 0.22 0
2.45 3.33 0.06 0 0
2.25 3.88 0.03 0.62 1.40
2.63 3.98 0 0.50 0
2.80 2.26 0.05 0.27 0
4.26 2.33 0.07 0.55 0.70
4.13 2.83 0.15 0.54 0

2.90 3.06 0.06 0.39 0.30

Ailinanae Exvoaed Females, ARe*40

4.47 1.49 0.03 0.49 0
2.30 1.78 0.02 0.46 0
7.23 3.47 0.06 0 0

4.67 2.25 0.03 0.32, 0

40
35
42
35
37

37.8

49
42
41
40
43
43
42

42.9

48
45 __

46.5

38
37
46
41
36
45
40

40.4

48
38
39

41.7

8.5
7.3
8.6
7.9
8.3

8.1

8.3
7.4
6.6
6.9
72
7.8
7.7

7.4

7.9
7.3

7.6

7.7
7.5
8.0
7.0
7.6
8.0
8.0

7.7

7.8
8.0
5.3

7.0
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Individual Hematological Findings, 1969

Plat. 1 W8C
1 I 3Lrum-

Neutr. ~Lymph. Mono. Eosin.
Pt #

IBau” Q!wlGin
.(X1O-3) I(X1O-3) (X1O-3) fxlo-3) (X1O-3) (:{10-3) (X1O-2)

.
Rcmgelap Exposed Males, Age 15 to 40 years

2 ! 211 6.00 I 3.12 . 2.16 i 0.18 0.48 0.60 I 48 1 460 I 7.7
1 I

3 ( 112 f 6.81 I 3.54 , 2.32 0.07 0.75 1.40 I 45 I 400 i 8.3
1 1$ 1 I i ! \

5 I 157 I 5.54 2.16 , 2.94 0.11 0.28 0.60 43 410 7.5
I I i )

9 I 140 6.93 3.88 ~ 2.63 0.07 0.21 1.40 47 4.301 6.6
I I

10 129 i 4.56 ! 2.42 , 1.83 I 0109 0.23 I 0.0 51 1 380 i 8.4
I I I I I

L3 t 6.40 I 2.37 I
1 3.52 I 0.19 0.26 I 0.60 I - - ! 7.7

, , I
32 [ - I 7.16 3.87 ~ 2.72 0.21 0.36 0.0 / 56 -!-

1 II I I I I

35 ! 140 I 5.40 2.27 : 2.86 ! 0.05 0.22 0.0 56 I 510 ! 7.1
1 I I f )

36 160 ! 8.81 ~ 4.14 { 4.14 , 0.18
t

0.35 I 0.0 J 49 440
I

8.5 .
I

37 , 114 6.01 1 3.07 2.64 0.12 ~ 0.12 / 0.60 , 46 410 I 7.5
~ I / I

54 1- [ 6.28 I 3.14 ‘ 2.51 0.0 0.44 I 1.90 I 43 -;-
1

I
I I

73 !. 132 4.96 2.28 2.18 0.05 0.4G 0.50 j 52 480 I 7.1
I ! I I 1 I

i 105 [ 6.03 ! 3.26 2.41 0.06 I 0.30 I 0.0 i

-X+o, / 3.65 /3091014 ~014!oo ~:: 1 ;;;

t

! :“;
.,.

mean I 145 ; 6.28 3.08 I 2.71

I ~kll&q 47”3 428 7“6
I I ~~- C=C,

Ailingnae Exposed Males, Age 15 to 40 years
I I 1 —1I t

6 198 7.21~ NJ 0.36 I 0.87 ~ 0.0 \ 43 1 400+
1 \ I 1- —?

84* ~ 220 I 4.34 1.30 1 2.74 i 0.04 \ 0.26 1 0.0 37 340 I .
I 1 /I t I I I

mean 209 5.78 2.38

[ 2“99 “:*:;zq=+I I
I

1!
-1 ‘—- —~

I
;- *’::-7+~ipose i. .tero

I

t I 1 ! I
.--— .—-. . .;..

[ I I I
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1

I \
s Lymph. Mono. “.

1 “sO- m
Pt. # i (;%;)I(X!Y3) l&lHjji(xlo-3) (x1o-3) ~Zy~F3) (XLO-2) .

.— —

Rongelap Ewwed F=@les, .4ge 15 to 40 years

12 I 178 I 3.63 ] 1.89 c 1.45 0.11 / 0.18 j 0.0 40 I 360 I 7.11
1 I I I I I

14 189 , 7.69 I 3.85 , 2.92 I 0.31 I 0,54 } 0.8 1 35 1 320 ! 7.2
, I

15 I 244 5.45 ] 2.45 ~ 2.40 0.27 / 0.27 I 0.50 i 38
~

640 7.2
1 I I I I I

17 6.12 ! 2.51 F 2.75 0.12 I 0.73 ~ 0.0 36i-i-
1 I j

18 132 I 5.09 i 2.75 ( 1.83 0.15 0.31 0.60 39 I 260 [ 7.4
I

21 180 I 5.18 2.17 { 2.64 i 0.05 0.21 1.00 41 I 360 I 7.9
II I

22 107 i 3.84 I 1.23 I 2.34 / 0.08 0.19 J .0 &o 280 7.7
1

4 , (
I I 1 I

2L : 120 4.72 I 1.56 ~ 2.74 I 0,19 i 0.19 ; 0.50 1 43 310 I 8.4
I I I I

33 255 7,17 I 3.01 ~ 3.66 ! 0.21 0.14 1.40 I 40 380 1 8.0
1 I I I I I

39 I 226 ! 8.46 , 3.30 I 4.23 , 0.08 i 0.68 I 1.70 { L3 I 3L0 ~ 8.5
) I I I I

42 189 i 8.54 ~ 3.93 I 4.(31 0.09 I 0.43 ! 0.90 I 35 290 I 6.7 “
I 1 \ I I I I

47 134 ~ 9.23 3.51 4.80 j 0.37 0.46 0.30 I 50 430 i 7.8
I I I ! I I

61 ~ 271 I 8.15 I 3.68

383 w++% 43

I 1

i 490 i 7“8I I
65 -1 2r 1 6.29 I 2.39 ! 2.90 0.06 0.88 ~ 0.60 ! 40 I 420 6.9

I I I I

67 ~ - I 6.24 \ 3.12 2.75 I 0.06 0.31 _~Q.o j 4 1 - ,-

72 I 291 I 6.90 2.35 ‘+-ji 4.21 / 0.14 ; 0.14 ‘—]—-I 0.70 34 mir- 7.5
?-— ——

! , I 1

74 214 I 7.83 j 3,37
–:00 149 \ !

4.07 \ 0.16 j 0.24 ‘ .
1 I I *+I {

75 5.72~ 0.11 ; 0.29 hO*Y-~
I 1- 1 1

86“,: \ 146 I 7.50 I 4.20 ! 2.85 I 0.08 0.30_l 0.80 ~ 46 I
I I

mean ~ 194 I 6.52 ~ 2.86

I
l-=lal~

I Ailingnae -Exposed Females, A&?J5 to 40 years——-—--- ,.-
1 I I - . . . . ..— ‘ —-—-— ~__:

, ~-1g:

l>J 7

‘;; ‘-[.i.;j~ z

I

244
,-- f+:--.;-:;~;~ 0:’;9’ ! 003, :,7, 330 ~ ;;.

U.ezn 5.86 ——. “

111” 11” 1333
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I I Serum
Plat. W8c Neutro.~Lymph. Mono. Eosin. BasO.

Pt. # ~ (X1O-3) (X1O-3) (X1O-3)((X1O-3)I(X10-3) (X1O-3) (X1O-2) y’” [(::-, ~“:;;n

Rongelap Exposed Males, Age greater than LO years
I I , I I I I I \

4 / 126 1 7.99 3.68 : 3.68 0.16 0.32 I 1.60 [ 48 640 ~ 8.4
— 1 I I I I, I I I I I I

I ; 199 I
I 4.92 ! 2.61 ! 2.02 I 0.10 { 0.20 ! 0.0 I 42 ; 380 ! 7.9

1 1 I 1 I

11 I 180 4.31 2.16 I 1.90 I 0.09 0.17 I 0.0 34 260 7.2
I I

I I t I ( I I I
16 i 179 4.17 2.00 ,

! 1.96 0.08 0.12 I 0.0 49 I 560 6.7
I 1 I <
I I I I I I I I

27 158 I 8.21 3.28 ~ 4.18 0.16 0.49 I 0.0 43 ! 320 I 7.4
1 ,
I I I I I I I I I

40 235 7.88 I 3.31 1 4. 10 I 0.16 I 0.32 j 0.0 I 41 400 ~ 6.3
!

I , I I I I I I I

68 I 236 6.19 3.59 2.10 0.06 I 0.31 [ 1.20 ! 46 I 43o I 7.1
I \

I I I 1 I I I I I I
7/ 243 / 12.89 6.45

1
5.29 0.64 0.52 I 0.0 47 520 8.8

I I r ) I I II I I I t I 1
79 I 97 5.46 2.35 1 2.78 0.22 0.11 0.0 51 460 I 7.4

80 \ 179 6.41 2.24 I 3.59 0.13 0.32 1.30 47 j 430 ! 6.9
I 1 I i I f

82 I 155 5.08 2.33 2.34 0.10 0.25 0.50 I 43 390 I 7.1 .

I I
mean 181 6.68 3.09 I 3.09 0.17 ! 0.28 0.30’ t 44.6 435 7.4

,I I I I I I I I I I
I

I A~gnac Exposed Males, Age greater than 40 y~ars !
I 1 1 I , -— -&-l---1. I ~ I I
I

41 138 4.59 2.30 1.98 ~ 0.14
OJ==l=l=

I I ! I I
( I

I EF+--1 [ 1 I I
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1 ber

Plat.
urn

Neutro.; Lymph Hct RBc Protein
Pt. # (XIO-3) (XR!3) (X1O-3) I(X1O-3) x~;j (:;:;j (X::;j (%) (X1O-4) (g)

I I

ROngelap Exposed Females, Age greater than 40 years
! I I I I I t (

34 I 132 7.12 3.63 [ 2.85 I 0.07 0.57 I 0.0 39 350 ] 7.3
1 — 1 I I I I
1 ( , I I I I I I

49 218 ~ 6.00, 2.22 I 3.30 0.06 0.42 I 0.0 39 380 I 7.2
I I I f I I 1 I, I I t

58 37 5.02 1.54 I 2.97 0.15 I 0.41 I 0.50 I 41 320 I 6.8_
I 1 ( i
I I I I I I I I {

60 i 126 7.84 } 2.82 t 4.16 0.08 0.63 1.60 I 37 310 I 8.1
1 1 ,

1 I I I I I I I I
63 I 202 5.76 1.79 i 3.51 0.12 0.23 1.20 I 43 420 6.9

( 1 1 i I\ I I I I I I I
64 168 8.61 4.22 ; 3.70 0.09 0.60 I 0.0 41 430 7.3

I j I I 1 I

66 I 296 I 5.62 2.98 2.14 0.11 0.34 I 0.60 45 410 I 7.4
! , ,

I I I I I I I I I I
71 I 162 7.14 4.71 2.28 0.07 0.07 ] 0.0 43 360 8.1

I I I J I [ I I I! I I
78 I1 175 I 6.69 I 3.81 2.68 0.07 I 0,13 0.0 I 40 420 7.6

I I I 1 [ I! ! I )
mean I 174 6.64 3.08 3.07 0.09 0.38 I 0.90 40.9 378 7.4

I I I 1 I I [ I I

, , 1 1 1
1 I I I I I I I I, >

Ailingnae Exposed Fermlest il~= ~reate~ ~~ years
I 1 1

!
I I

— —
I I I

1 1 177 7.79 4.37 1 2.49 0.16 0.62 I 1.60 41 460 7.9
l— I 1 I I+ 1 1

4> -1 165 5 . 88 3 41. I 2 . 12 0.18 0.12 I 0.60 I 35 I 340 8.0
1 I I [ I I1 1 ! I I

48 I I 76 I 4.83 2.95
.’ —

1.45
!

0.15 0.29 0.0 6.7
I I I I I IJ

40 .X2-l
\ I \ ! 1 I

mean I 173 6.17 3.58 I 2.02 !’0.16 [ 0.34 0.70 38.7 I 393 IT
I I i I 1
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I

Plat. Neutro.:Lymph.
~erum

Pt # (X1O-3) (R:.3) (X1O-3) I(X1O-3) $::;), ;%;) (:::;) ;.;” (%4
rotein

(g)

Msle C!!ildrenof Exposed Parent (s)~ Age less than 15 years
1 , I , I

88 I 186 6.70 ~ 3.41 ~ 2.81 I 0.27 I 0,13 0.70 43 I 430 I 7.2\ / I I
89 : 190 7.13 2.57 4.07 I 0.36 ; 0.14 0.0 43 Li30 I 7.1

1! \
90 / 248 5.62 2.24 ! 2.98 1 0,11 0.28 I 0.0 43 310 I 7.0

I I

91 150
[
I 5.76 1.84 I 3.46 I 0.11 0.35 I 0,0 45 [ 410 , 7.3

I I I I I
93 I 161 7.81 4.30 : 3.12 , 0.08 0.31 I 0.0 39 I 410 I 7.9

I I I I
96 I 189 7.27 3.20 I 3.64 0.36 0.07 0.0 40 410 I 7.3

1
I I I

97 213 I 9.91 5.55 3.67 0.20 0.50 0.0 36 I 420 / 7.o
I ! I I

102 119 I 6.51 1 3.52 2.60 0.07 0.33 0.0 40 i 320 ! 7.2
r

I I , 1
103 I 117 9.79 I 4.12 4.93 0.10 I 0.70 1 1.00 44 460 7.0

I , I I
104 I 21 9 I 12.17 5.84 5.84 0.24 I 1.22 ; 0.0 39 450 I 8.0

I I I
109 145 8.93 4.29 3.57 0.45 o.5& I 0.90 34 360 I 7.0

I
11 0 207 9.79 2.84 I 5.78 I 0.59 I 0.59 I 0.0 41 460 I 7.1

( I I i I

-—+0’ ,3”23 /3”71!0”24 !0”81+0”80!37 430 / 7“6
111 I 436

I ( 1 I I I
113 319 8.05 4.35 I 3.46 0.08 0.16 ~ O.L 430

1- I I
I

115 I 218 12.38 4.95 6.94 ; 0.25 0.25 -k- j :: _’ ,7 , ::;
I

116 ; 228
.L_.!=+~,=

10.71 5.68 [10.20 1- 0.33 I 0.50 ~ 0.0 { 42
1.I

118 / 267 I 10.97 4.39 5.71 : 0.32
1

f I F! 05’ w 42 +- 7“6

126 I 148 ; 8.24 3.05 4.78 \ 0.16 0.16 I f3.8@ I 4& I 520 ]~”
I I [ 1 1 ~I

130 9.54

I
131 9.82

;:; ;; -=- -W-#==J=

I
132 I 430 9.75

, -2-J+=i-=-’- A’ ‘2” !
7.4

I
I I I

141 i
l—l

9.53 “-”l—l3.81 5.24 0.29 t 1.14 o.-o__ 31 !4001-
( 1 I

142 ; 379 I13.57 i 4.34 r 9.15 I 0,27 ] 0.81 I 0.0 ~ 35 390 I 7.2
I I

143--- ‘]- -] 9.77. , ‘ _4_@ -- +@-+---- o 20 0.88 I 1 00 ‘ 41
i–-——

400. ._ &----- .—.- C. —
I . . . ... . .,. . ....
I — —-

! - .I. . .’.-

, 1 I 1
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&tale Children of Exposed Pare@(s)j Age less than 15 years (cent’d)

! I I
I

150 ; 11.05 3.87 I 5.86 i 0.33 ; 0.99 / 0.0 37 ; 590 , -
I I ( I 11

~ 8.14 I 3.42 i 4.15~ 0.49 ~ 0.0 3 ! 370 ; -
1 !

I 1 I 1 1 1
157 ~ ~ 13.40 I 5.36 \ b 16 i o 27 1.61 !00 39 I 370 I -

1 I 1 I I I I I
L>5 ~ i 1.56 2.19 ,

I 4.77 0.23 I 0.38 ] 0.0 I 32 330 i -
I I I II

161 I 8.39 1 4.78 { 3.10 0.08 0.42 I 0.0 ~ 40
163

I 380 ~ -
i 11.55 5.77 j 4.62 0.46 0.69 [ 0.0 “/ 27 350 I -

I ,I I

166 I 10.08 I ~ 36

I 1
169 I 9.70 3. 59 I 5.2 4 0.29 0.49 I 1.00 I 30 ?60 i-

1 I I , I I I

171 I I fJ+l.4 2.89 I 2.89 0. Ob I 0.31 I 0.0 47 340 1.
,1 I I I I I I I 1 1

172 i ~ 5.55 I 2.11 / 3.20 0.11 0.11 I 0.0 30 32o I -
I I I [ ,
) , 1

mean ! 228 I 9.27 I 3.79 1 4.77 0.24 I 0.52 0.22 38.4 405 i 7.3
I I I 1

, 1 1

I I I i 1 I
I I t I ,
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IPlat. ~ wBC

!

Neutro. :Lymph.
Serum

Mono. Eosin. Base. Hct. RBc Protein
Pt. # I(X1O-3) ~(xlo-3) I(X1O-3) I(X1O-3)K 10-3) (X1O-3) (X1O-2) (%) (X1O-4) (~)

I
Female Children of .ExposedParent(s), A:e less than 15 years

I

137 f 330 9.90 / 4.06 i 5.25 Ire++== 38 1410~ 6.6
I I

L38 : 14.1OI 7.19 5.50 0.28 1.13 ‘ri 45 410 -
I I I

139 : 12.06 [ 4.95 I 6.52 0.36 o.12_ 1.20 ~ 36 400 -
I I

140 I I 8.24
I

-143 I I 9.86 ~ ::: ~ ;“; F*- -~~ !::i /:
.~ —

! ! . .-...—, ——-— .-—.
145 I I 7.88 3.86 [ 3.39 I 0.08 @.55 ; 0.0..- — ..— —. !36 , - I -

I I I
(

I I ,

152 I 8.38 3.02 4.78 0.08 0.50 0:0-- 35 ‘ 370 I -
I I I I

153 ;
._~ _. ..1 8.57 i 4.46 ‘ 3.51 ; 0.17 ;,0.43 i 0.0 ! 37.

t
I 400 \ -

.-...- .——-- ..—-- .-.-_____ -_ _____ -.:-—-l-—-——l——
I

[ I. ; “-’, “ !,
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I Plat. I WBC /Neutro.~ Lymph.’ t.lono.Eosin.

~~ ,(::-4;’’:;”Pt. # ~(xlo-3) /(xlo-3)1 (X1 0-3)[(X10-3 )(X1O-3) (X10-3), (X1O-2) (~)
r T

Female Children of Exposed Parent(s), Az: less than 15 years (cent’d)

154 { 17.27 I 5.18 :10.19 0.35 1.55 I 0.0 36 \ 470 .1 -
I ( I \ 1 I

:6 ; 1~.64 ; 4.31 6.17 0.23 0.82 I 1.20 30 440 1
I I I

160 ;13.92 ; 6.96 I 5.15 I 0.28 ! 1.39 1.40 , 37 I 410 I
! 1

164 9.72 i. 96 : 4.38 0.19 0,19 0.0 i 49 : 44 I
II 1 I

165 I 16.61 I 5.98 \ 8.97 0.33 i 1.33 o.u- t 32 I 420 I

I I I

173 ~ v12.27 6.87 \ 4.90 \ 0.25 ~ 0.25 ~ 0.0I 32 350 I

I r I I
176 I 9.22 ~ 2.86 I 5.17 I 0.37 / 0.74 I 0.90 32 ~ 310

I I 1 I I I I

mean 233 I1O.O6 I 4.06 5.13 I 0.24 1 0.60 0.33 37.9 ] 391 7.40
I I I I !

I ~ I f
,

( ) I / 1 I I
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!- =, ‘ct.Rii7 ‘:;inI Plat. I W8c ~eutro-

Pt. # ~(xlo-3) (X1O-3) (X1O-3)I(X-1O-3 U1O-3),(X1O-3) (XLO-2) (%)
I

NOnexposed Msles, Age 15 to 40 years
1 ! I I I

813 ~ 200
1 1

6.66 I 2.80 ~ 3.4o 0.13 0.33 I 0.0 39 !
I

410 I
/ — 6.8

814 ! 195 6.31 i 2.08
I

3.72 \ 0.25 0.25 I 0.0 50 450 ; 7.5
I t I

815 ,- ; 5.44 2.07 ; 3.16 I 0.11 0.11 0.0 ! 42 / - ~ 7.9
818 i- 1 5.86 2.86 i 2.63 0.06 0.29 0.0 I 50 / - I 7.9

I
82 0 1- 4.88

I
3,12 ~ 1.51 I 0.05 1 0.20 / o.o I 48 ; - ; 7.6

823 I 212 I 6.54 I 3.67 ; 2.49 I 0.13 i 0.26 I 0.0 ; 63 I 390 6.7
I I I I

17 6 /10.85 6.08 ; 3.91 0.22 0.65 0.0 I
830

48 440 / 7.5
t 176 I 6.35 2.67 ; 2.86 0.25 0.51 0.60 48 I 400

1
7.1

\ (
1

I
833

I
I 152 I 4.00 1.32 I 2.4G I o.20 ()@loo 570 I

834
7.9

153
49

I 7.84 3.13 4.39 I 0.16 0.16 I 0,0 48 I ?50 7,4
I I I I

836
1’

t 158 ! 6.08 2.43 3.16 0.18 I
840 I 225

0.30 0.0 I 50
I 6.98 2.65 3.63

410
0.14

8.5
0.56 0.0 47 500 7.7

, I I I I I I
863 -

i
~ 7.68 I 3.23 3.84 0.15

881 167
0.38 0.80 51 -

I 7.74 I 3.1O
7.3

4.18 0.15 0.23 0.80 46 L60 I R o
I I [ I

882 201 I 6.50 1 2.21 I 3.84 0.13 0.33 I 0.0 : 46 ! 450 ! 6.9
920 104 I 5.91 i 3.55 I 1.89 0.06 0.42 I 0.0 i 51 440 I 8.0

I 1 I I I I I 1
921 —*O9 I 3.71131 I 1.71 I 0.18, 0.49 1 0.0 I 43 410 7.1
931 I 232 ! 6.32 3.98 1 1.08 I 0.32 1 0.95 1 0.0 44 390 1 7.111 I , I I I

I !- 1
939 , - 5.76 3.00 2.36 \ 0.06 0.35 – —i!00
966 I 166 I 5.02 1.91 2.91 0.10 0.10 00

I [ I
981 i 228 I 7.39 2.51

, : :*p{&

4.43 i 0.22 I 0.15 —! 0.70 : 44 14 10 7.6
[ ~ I I !

1005 \ 113 i 6.80 1 2.38 3.74 I 0.14 I
1523

0.54 \ 0.0 54 460 ~
I 223 5.81 1.86 3.49 ~ 0.12 I 0.35 ! o.0 48
I I I } I I520 w1 , I I

1526 ~ 248 I 9.38 3.75 5.16 I 0.09 ! 0.38~1 0.0
1529 I 160 i 6.86 I 3.02

.—

‘~~ mI

1533 I 199 8.56 2.65 :::: !%$%1 H--F=+

~ l~z ~ 6.71

I I
~ ~“~”gT+_j.24 ~ 0.~7 ‘~~ oj~l

——
mean 47.9 ;451 I 7.5

i I \ i I
I I I

1
I I

I f
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\ \
Neutro.;Lymph. Eosin. Base. Hct.

Pt. # i&::3) !(XR3] (X1O-3){(X1O-3) u%:; ) (X1O-3) 1
RBC

(X1O-2) (%)
1 !

lJOneXposed Females, Age 15 to 40 years
( f 1 , 1

805 ~ 253 , 6.00 ! 1.98 : 3.30 I 0.18 j 0.54 0.0 122 400 I 6.9
I ~

811 409 9.65 4.83 ) 3.38 I 0.39 ‘ 0.97 1.00 27 300 ! 6.9
I I

( I ,

812 240 I 4.98 ! 2.04 ‘ 2.74 I 0.10 ~ 0.10 : 0.0 ~ 38 360 : 8.o

1 I ,

816 219 7.58 : 2.96 I 3.79 i 0.15 ! 0.68 I 0.0 ! 43 410 I 6.8
I , { I

821 , 222 I 6.22 , 3.3(3 : 2.30 0.25 ] 0.31 [ 0.60 39 ; 420 I 6.6
/ I I I (

~29 170 ; 3.21 i 2.02 ; 0.80 I 0.03 ~ 0.32 0.30 i 41 370 I 8.6
, I I 1:

832 109 I 4.55 ~ 2.28 , 1.91 0.09 0.27 I 0.0 39 13L0 I 8.1
I I I I , I

835 291 1 7.28 3.42 j 2.84 0.15 0.87 I 0.0 23 770 7.1
) I 1 1I I I

841 188 6.86 f 3.29 I 3.16 I 0.07 i 0.27 ~ 0.70 I 44 45 0 I 7.8
I

I [

843 116 &.35 \ 2.31 1 1.78 I 0.09 0.17 I 0.0 I 34 300 I 6.9
I f I II I I I

865 1 206 : 7.24 ) 3.48 I 2.97 I 0.29 0.51 i 0.0 I 27 320 I 6. 8
I I I I

( I I I I
891 I 222 I 4.67 I 2.34 ! 1.96 0.09 0.28 I 0.0 } 42 79(3 I 8.0

I I I II 1 I
896 , 208 , .1741 ~ 3.93 i 3.04 0.07 0.30 0.70 I 41 420 ! 7.7

[ I f I
1 I \ I I

914 i 298 I 6.18 I 3.(39 1 2.29 0.12
~~ 0.67 0.60 ~ 3’ 380 6.6

( I

925 , - 6.96 I 2.78 i 3.34
-—

I
,—

1 I

926 179 I 8.55 I 4.79 i 2.82 ~*+*j-m~

I 1 ) I I
932 i 287 5.46 ! 3.28 ~ 1.97 0.05I ~o.16jo. o ~36 1 360 7.0

1 I I I I ! I I
93L I 227 8.40 ~ 3.44 4.20 I 0.08 0.59 I

-
0.80 ] 44 360 ~ /.6

I I I
938 I 234 I 7.L8 j 4.86

~.~
! 1.65 j 0.15 ~ 0.82 100.—- 1- ! 35 330 1 7.5

I I I ,

955 i - 6.84 4.38 2.33
I

.im*]ZZj ~f---[+!
I

959
‘ ___

I 268~ 5.06 i~l. 0.16
1 I

! ..~ 1 0.32 ~ .100 36 380 6.9

...!—. ,— J I

960 260 (11.42 5.71 j 4.80 I 0.11 I 0.80 j O.~_-- 44 [ 460 j 8.3
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Nonexposed Females, Age 15 to 40 years (Cont”d) 4

962 I - i 6.12 2.14 ~ 3.43 0.12 I 0.37 0.60 i 38 ~ - , 7.o
I -1 I , 1 I I \

980 i 111 I 5.29 2.75 ! 2.17 0.05 0.32 I 0.0 1 &z 360 I 7.0
[ I I I

I I I I I I I
993 ~ 238 6.65 ; 2.46I I 3.52 0.27 0.33 I 0.70 j 44 ~ 360 i 7.8

I 1, I I 1 t I (

996 I 280 I 9.40 I 4.32 : 4.51 I 0.38 0.19 ; 0.0 I 40 I 340 I 7.2
I I I I I I

1001
I

i 165 4.77
,

1.91 ~ 2.29 0.14 0.43 I 0,0 41 h30 7,1
, I I I I I

1035 I 7.57 I 3.10 I 2.88 I 0.30 1.29 ~ 0.0 I 43 400 I 8,5
I I I , I I I I I I

1043 ~ 160 I 5.75 2.30 I 3.11 0.12 I 0.17 0.60 ~ 39 340 I 8.o
I I I I I I I

1050 ) 219 ! 6.95 3.54 2.99 0.07 ~ 0.35 I 0.0 I 43 I 380 I 7.5,
1 I I I I ( I

1505 t 250 I 7.89 1 3.32 I 3.47 [ 0.30 0.79 ! 0.0 37 360 ~ 7.1
I I I I I 1
I 194 7.04 2.32 ! 3.87 0.28 0.42 ! 1.40 ~ 42I 1 420 I 7.3
I I I I I I !

1525 ~ 232 i 6.78 ~ 2.51 3.80 { 0.14 0.34 0.0 I 41 I L30 ( 7.4
\ I I I I \

1528 j 324 7.88 2.68 4.89 0.08 0.16 0.80 r 45 I 540 7.9
1 , I I

I 1 1 I I I

mean I .227 I 6.79 i 3.20 I 2.96 0.16 0.45 } 0.28 39.2 382 7,5
I 1

-L —--.-l ~ ~
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I Serum
Plat. I ‘c Neutro.tLymph. Mono. Eosin.

Pt. # (X1O-3) X1O.3) 1(X1(3-3)
Mao. Hct. mc rotein

[X1O-3) iXIO-3) (X1O-3) (X1O-2) (%)
1 I

(xl o-4 (2)
I

Nonexposed Males, Age greater than 40 years
I 1 I ! { I

842 ‘ 165 ;9.151 - i - / - I - I / 53
,—

380
1 1

1 I , I I 1 I I I
849 \ - 6.42 ; 3.60I 1.86 ! 0.26 0.71 [ 0.0

1 I I
51 400 8.1

I I 1 I I

850 :
( ! 1 , ~ I

166 I 5.03 ! 1.61 I
. 2.82 0.15 0.40 0.50 I 43 I,

410 8.2
I 1 ,

1 I I I I I I I
855 I 176 5.81 : 2.91 ; 2.441 0.12 0.29 0.60 j 42 36g 7.7

,
I I I I I I I

856 ! 231 1 6.33’ I 3.35 [ 2.03 0.06 I 0.89 I 0.0 41 390 7.6
I I 1 I I
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1
I

Plat.
I.Serum

Neutro; Lymph. Eosin. , Base.
Pt. # (X1O-3) I(XR!3) (X1O-3)I(X1O-3) (%:;) (X1O-3) I (X1O-2) ;.;” (H;-4

!Protein

I (g)1 ,
Nooexposed Females, Age greater thsn 40 years

1 ! , f I 1 1 !
844 I 141 8.16 j 3.84 ! 3.84 0.24 0.24 0.0 I 44 I

l–
440 6.6

I $ t (
846 i 164 5.61 I 2.75 I 2.41 0.11 0.28 0.60 I 42 370 8.u-

1 I I I
851 ~ 224 ~ 5.60 i 2.69 ! 2.24 0.11 0.56 0.0 38 380 1 7.2(

I
I

858 I 176 : 6.06 ! 1.88 I 3.64 0.12 0.26 0.60 38 360 I 8.0
I 1

I

859 I 112 4.65 2.23 ! 1.77 0.05 0.56 I 0.50 44 [ 300 I 8.1
I

867 [ 169 8.77 5.00 I 2.98 0.09 0.70 ] 0.0 42 360 I 7.5
I I

868 113 I 5.95 3.45 1.55 0.12 0.77 0.60 48 ! 450 ~ 7.8
I I I

898 i 93 I 4.87 2.39 j 1.95 0.10 0.39 0.50 * 41 320 8.o
I I I I

908 ; 186 I 7.74 6.26 3.10 0.08 0.31 0.0 43 380 ! 7.3
I

922 I 178 I 5.35 2.73 2.03 0.05 0.43 1.1 0141
I

790 I 8.7
j Ir,- 4.68 1.92 2.39 0.09 0.23 0.50 \ 45 ! - I 8.8
1 ,

-941
I

] 101 I 7.52 4.44 2.48 0.15 0.38 0.80 t 40 350 7.9
I 1 I !

E+UZ+5 ~ 3“61 1.39 I O.11 ~ 0“44 0“0 i 47 I 460 I 7.6

I
948 .; -136

I
6.28 2.83 3.01 I 0.13 0.25 0.60 I 50 410 7.8

,, I I

956 i 261 7.62 2.51 I 4.72 ; 0.15 0.15-rnnd 42 I 370 j 7.8— ,—
I I

957 ~ 85 7.25 3.34 ; 3.48 : 0.07 ‘—p++m0.36 ~ 0.0
I I I

970 155 ~ 7.21 - I ; 37
=-l=--- L-,

280 I 7.4.—iI [

982 i 122
I

6.14 3.44 i 1.84 0.12 0.61 1.20 I 41 410 7.9
I 1

mean ~ 152 I 6.39 3.14 2.64 0.11 0.41- 0..46 \ 42.1 374 7.8
I I

. —
I 4 1

I I
r

I
—. . ‘—

I I I ,1 I
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I
Serum

Pt. II X?;i (%;; 7X;;:2) ;;; “ :X::4)
Protein

(g)1 I ,
NOnexposed Males, Age less than 15 years

I I 1 I I ,
801 I 398 11.95 ~ 2.63 ~ 7.41 0.36 I 1.43 1.20 38 440— 8.3

, I
I

802
I

~ 235 ~ 7.83 ; 2.98 4.23 0.31 i 0.31 I 0.0 42 ! 460 7.1
I
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1 (

Plat. Neutr.
Serum

: Lymph. Eosin. 8aso. ‘ :t. MC
Pt. # I(X1O-3) I(XR!3) (X1 O-3) I (X1O-3)

rotein
[x1O-3) (X1 O-2) I (%) I(X1O-4) (~)

I I 1 I
Nonexposed Males, Age leas than 15 years (Conttd)

1 I 1 1

1032 ~ 287 I 7.53 I 3.99 ~ 2.56 0.15 0.83 I 0.0 39 43 0 7,0
I ( { I

1037 I 6.39 ~ 3.00 3.13 0.13 0.13 0.1) 34 380 I -
I ! I

1038 421 I 10.25 ~ 4.72 ~ 4.20 I 0.52 0.62 : 0.0 32 35 0 I
1

I
6.3

I
I

I

1039 I 9.88 3.95 I 4.94 0.4C 0.59 I 0.0 35 13 80!-
, i I

-1047 I I 7.97 3.75 ~ 3.50 0.16 0.48 I (1.80 ‘1? I &?o 1-

! [ I I I
1053 ( 217 6.59 4.09 I 1.71 J&J0.13 0.66 I 0.0 L50 ! 7 ?

I I I [

1054 10.73 5.69 I 4.08 I 0.11 0.86 0.0 I ?Q L&o 1-
1 I I I I

I

1078 I I 10.50 4.62 5.25 0.11
I

1081 , I
I .. . - .- -.

1082 I
I
I I I
1 I I I , I
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[ Serum
Plat. WC Neutro~ Lymph. Ffon0. Eosin. Base. Hct. RBc Protein

Pt. # (X1O-3) (X1O-3) (X1O-3){(X1O-3) (X1O-3) (X1O-3) (xlO-z) (x) (X1O-4) (R)
1

Nonexposed Males, Age less than 15 years (Cont*d)
1 1 I 1 ,

1088 I 13. 10I 6.81
1

5.50 0.0 I 0.79 0.0 30 I boo I
I I I I, 1 1

1089 ~ I %.36 4.79 [ 2.43 \ 0.07 0.07 0.0 35 390 I -
I 1

T(JY1 I
I I 9.9z 3.57 I 5 . 08 !009 . 0.18 0 . 0 30 380 I

I I I I I I
1092 i 8.88 4.51 r

3.82 0.09 0.45 [ 0.0 31 ) 400 I -
1 , i I ,

T-m--; ~1349 ‘ I I I I I

I 6.58 I . [ 2.24
I

0.26 0.53 0.70 I 32 410 I -
1 ! ! ,

! I I I I I I I I I
-1o99 4.80 2.74 1 1.87 0.10 0.10 I 0.0 34 280

8 , I I
I I I 1 1 I I I I I

1102 I 10.37 5.91 I 4.05 0.1 0 I 0.31 0.0 I
I I I I I I, 1 f 1 I 1 1
I

mean 249 9.08 4.28 3.86 0.18 0.52 0.19 36.6 393 7.3
( ( I [ [ I i I 1t 1 I [ 1

I I I I
I ,

I I
I

I I I
[
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I
Plat. Neutroj Lymph.

Serum
P

Pt. # (X1O-3) (%-3] (X1O-3) I(X1O-3)(X1R;” ‘x%;” (xRy;j ;.;” JR) ‘O;;;”
I

Nonexposed Females, Age less than 15 years
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..
--,>.

r

Plat. \ mc L
ma 1A,,,

Neutro.;Lymph. Mono. Eosin.

~

Base. Hct. RBc rotein
Pt. # (X1O-3) [( X1O-3) (X1O-3) (( X1O-3) ~l~s) (X1O-3) X1O-2) (%) [X1O-4) (g)

! I

Nonexposed Females, Age less than 15 years (cent’d)
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1

Plat. W8c Neutro. ~ Lymph.
Serum

Mono. Eosin. 8ss0.
Pt. # (X1O-3) (X1O-3) I(X1O-3)I(X1O-3) C.X1O-3)(X1O-3) (X1(3-2) ;;;““

R8c Protein
fxlo-4)

i
(g)

I
Utirik Males, Age 15 to 40 years

I , !

2115 ~ I 9.31 ! 4*
1

& 7R
,

0.19 0.28
I

0.0 &6 I 500 7.3
2123 i — 5.871 3.29 ; 2.17 0.23 1 0.18 I 0.0 I 46 380 7.6

) I 1
1 ! I 1 I

21 42
I I

9.58
I

5.08 , 3.64 0.19 0.67 I 0.0 I 51 500 I 8.1
2144 7.16 2.86 I 3.87 i 0.29

I
0.14 1 0.0 50 - I 7.5

I
1 ! I

2150
I

7.61 3.96
,

2.67 i 0.08 0.84 ; 0.80 I 52 510 7.fl
2153 I 6.11 2.93 \ 2.69 0.12 ; 0.37 ~ 0.0 I 41 I - 8.3

I I I I I I I
I )

2155 i
I

7.511 2.93 j 4.21 j
1

0.08 0.30 I 0.0
2156

44 \ -
4.37 I

8.0
2.28 ; 1.79 0.09 I 0.22 I 0.() 50 / - 7.0

1 I I I 1
2165

1 1 , I 1 ! 1 I
I 7.62

I
2.97 4.35 0.15 0.15 ~ 0.0 43 \ - 8.4

2167 I 7.62 4.19 I 2.97 0.08 0.38 I 0.0 I 46 j - 7.7
J [ i I

2168
i 1
I

I 1 i
6.95 3.41 2.92 0.07 I 0.56 I 0.0

2174 I
49 - 7.8

11.19 6.76 3.92 0.22 0.78 1.10 I 47 470 7,7
J I I

2178
1

I 7.83~ 2.34
1 I I I I I

I 4.78 0.31 0.39 1 0.0 42 I - 7.7
Lzol I 6.531 - I - I - I - ; - I 45 I - 8.0

[ I
1 t { I [ I ! I

2232 ~ i 6.29 I 3.27 2.63 0.06 0.31 I 0.0 49 I 420 I 7.4 “
2234 I 6.89 ] 2.76 3.51 I 0.07 I 0.55 I 0.0 I 52 I - 7.4

!. I

2240
I I I I I
I 8./21 5,23 3.14 0.09 0.17 0.90 43 - 8.0

2242 I 6.25 [ 3.25 I 2.50 I 0.13 0.38 !&Jl- ,_&_ - 6.8

2245 I 6.04 3.02 2.42 I 0.30 !
2250 ~

0.30 0.0 40 ( - 7.6
7.01 3.43 2.66 0.14 0.70 0.70 ! 44 . 7.0

1 I I I ( I f, 1 , , ,

2257 I 6.68 3.81 2.47 { 0.07 0.33 I 0.0 51 1 - I
Mean

7.6
I1 7.41 3.65 3.27 0.15 0.39 0.16 46.2 463 7.6

I I f I I I I

1
I I

I
I I“—--t–---l--’ t---- i—--t---
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1 I 1 1 [ I I 1
&

!(Plat.
Serum

WBc Neutro. bLymph.
Pt. #

Mono. Eosin. 8ss0.
X1O-3) (X1O-3) (X1O-3) I(X1O-3)S 10-3)

Hct. MC rotein
(X1O-3) (X1O-2) (%) (X1O-4 (g),

Utirik Females, Age 15 to 40 years
! 1

1 I I I I 1
2107 I

)
13.60 7.34 I 5.31 I 0.13 ~ 0.82 I 0.0

2111
43i-

1 10.69 5.99 I 4.38
8.5

— 0.11 0.21 I 0.0 41 / - 8.2

=13
!

7.99[ .,. 12 0.16 0.48 0.80 ! 43 460 /.5
2117 7.521 3.23 I 3.86 I O.08 0.38 0.0 47 - 7.9

%Z8 6.62 3.24 ,

q
I 2.98 \ 0.07 0.33 0.0 351- 8.6

8.40 4.37 ; 3.11 0.17 0.67 0.80 33 J - I 7.0
I I 1 [ r, I

2132
I I 1 I

7.52 3.61 I 3.38 0.08 0.38 0.80 42 I - I 8.5
Z139 I .73 29. 0 ; 3.03 0.13 0.61 0.70 381- 7.4

( I 1 I f 11 ! 1 I 1 ! 1 I
2149 7.71 3.39 3.93 0.15 I 0.73 0.0 39 7.8
2159 I 8.24 4.70 I 2.56 I 0.16 0.82 [ 0.0 391: ! 7. 2!

~60
I I I

8.37 5.44 2.26 0.17 0.50 0.0
I 5 93 2.97

40 - 7.7
. 2.49 0.12 0.29 0.60 42 420 7.0

m72
I I I I ! \

6531. 3.39 2.74 0.07 0.39 0.0
2197

42j- 8.1
I 7.00 ‘ 3.29 3.50 0.07 0.14 0.0 35 7.2_
I I I i I I, I 1 1 I ! 1

2217 I 7.36 I 3.61 3.24 I 0.15 0.37 I 0.0 I 33 I -
2218 I I 9.64 ~

7.2 .
4.43 4.72 0.19 I 0.29 0.0 42 R 1

I I I I [
1 I I I I

2226 I 6.18 I 3.09 2.85 0.06 I
2227 I —

0.19 0.0 Lo 7 5
7.20 I 3.42 2.88 I 0.14 1 0.36 0.0 38 7.7

I f i 1
I , [ I I f I I I

2230 I 5.72 I 2.57 2.52 0.11 7.6
2246

0.46
6.21 I

‘ 0.60 43j-
3.23 1 2.17 I 0.06 I 0.62 1.20 411-

1 I I +

324[
, I 1

8.771 - ‘- -/-~-
I !

I 361- tm
248 4.73 j 2.37 1.99 0.05 I 0.28 0.50 !“38 I -

I # [ I
2-249

I 1 I ) I
I 5.47 ~ 2.63 2.46 0.11 0.27 0.0 411- 7.4

7.76 { 3.26 4.04 0.08 0.31 0,80 I 33 1 - I
I

8.1
I I I t

1 ! ! I I

I I I i I
I

I I I i —i—i
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I Serum
Plat. Neutro. ~Lymph. Eosin. Hct. REc

Pt. # (X1O-3) (X%:3 ) (X1O-3) I(X1O-3) (XT::; (X1O-3) [:::;)
?rotein

(%) SX1O-4) (g)
) I I

Utltik Males, Age greater than 40 years
t 1 I I 1

2103 I I
—

6.18 3.15 1 ?.78 0.06 I 0.19 0.0 41
)

7.1
{

T105
1

I 8.56 4.37 I 3.43 0.16 0.51 0.90 52 470 8.5
I 1

Tllo
I )

I 6.42 3.66 I 2.44 0.13 0.19 0.0 44 - 7.6

2114 I 7.22 4.12 2.53 0.07 0.51 0.0 37 - 8.0
[

2120 5.72 2.69 \ 2.80 0.11 0.11 0.0 44 - I 8.8

-21
I

25 5.96 3.40 ; 1.97 0.12 0.36 1.20 53j- 8.6
I

2145
I

6.66 2.13 4.07 0.27 0.20 0.0 47 360
~.

7.6
I

2148 I 5.82 2.45 3.09 0.17 0.12 0.0 45 - 7.9
1

2157 9.35 4.86 4.07 0.19 0.28 0.0 IL2 7 L
I

5.20 2.97 1.87 0.05 0.31 0.0 I &3 - 7.2

I
2211 I 10.14 5.28 4.16 0.20 0.30 2.00 1 35 8.6

I I
2252 5.06 2.38 2.28 0.10 0.30 0.0 t 51 - I 8.9

I

q. 7.52 3.84 2.93 0.15 0.60 0.0 I L4 I 7.g

mean 6.91 I 3.48 2.95 0.14 0.28 0.32 I 44.4 415 ~ g-o
1 \ — -—
I I
I I

I——
I
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I

Plat. Neutro. ~ Lymph.
Serum

WBc Mono. Eosin. aaso.
Pt. # (‘X1O-3) xlo--i~(

Hct. RBc
X1O-3) (xl0-3) lx10-7)

Protein
(x 10-3) I(Xlo -2) (%) rxlo-4) (fz)

Utirik Females, Age greater than 40 ‘years ‘
I I

I I I

2109 ~ I 6.68 2.87 I 3.41 0.20 I 0.20 I 0.0 42 -— 7.8
[

2140 ‘ 8.30 4.32 3.65 0.08 0.25 { 0.0 40 - 8.2
!

2146 I 7.42 3.04 I 3.94 0.15 0.30 0.0 43 - 8.0

2158 ~ 6.24 3.00
I 2.94 0.13 0.13 0.60 38 380 7.5
,

#
2189 I I 9.18 5.05 I 3.40 0.18 [ 0.46 0.90 I 43 - i 7.9

I 1 I
2193 8.64 3.37 4.58 0.17 0.43 0.90 I 39 - 8.1

I I
2194 9.28 4.83 3.39 0.28 0.19 0.0 I 44 - I 8.6

\ I
2196 8.19 . 31 . 78 . 18 . 44 . 90 41 - I i.7

I I I i

2200 I 5.421 3.36 1.68 I 0.11 I 0.27 ~ 0.0 42 I - I 8.2
I i I t, !

2208 I 9.651 5.41 3 57. 0 . 19 I O 48. I o 0 I 40 1 8.0

I 1.1 I
3712. . I, 8.45 i 4.22 3.30 0.17 I 0.68 ~0.80t371- 1 7.6

1 I ,

w+.—— 9.20 5.89 2.85 0.18 0.18 0.90 I 40 I -~
I

2216 ~ 1I 7.88 3.39 3.47 0.24 0.63 I 1.60 [ 44 I - 8.3

,
2221 8.11[ 3.57 I 3.00 0.16 I 1,30 0.80 [ 31 I - 7.6

I I I I I, { ! { , 1 ,
2224 9.32 \ 4.66 3.73 I 0.09 ‘ 0.75 0.99 ! &o I

I
I !T-’ 7.0

2244 4.74 2.61 1.94 0.05 0.14 1 0.0 40 I - 7.6

I I I
mean 7 . 84 3 . 99 3 . 19 0 15 0 42 0 L6 40 2 0 7 8

I 1==1=- . ..:i- ,---:-- 38--l=,
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1

Plat. WBc Neutro. : Lymph. Mono.
I Serum

Eosin. 8ss0. Hct. c RBc Protein
Pt. # (X1O-3) (X1O-3) (X1O-3)I(X1O-3) 1(X10-3) (X1O-3) (X1O-2) (%) kxlo-~) (E)

Male Children of Exposed Utirik Parent(s), Age less than 15 y.ars

2261 t
—

4.09 2.00 I 1.84 0.82 0.16 0.0 36 7.5
1

2268 7.12 4.20 2.35 0.14 0.36 0.70 44 8.0
1

rn6 I 9.55 5,06 1 4.20 0.10 0.19 0.0 44 7.2

mean 6.92 3.75 2.79 0.35 o.2’i 0.23 41 7.6

I
,
I i

I I
1 I I I I

Peeule Children of Exposed Utirik Parent(s)~ Age less than 15 years

2270 ! 1 8.14
1

5.21 I 2.28 0.08 0.57 I 0.0 -1- 7.5
I

2273 I 6.60 5.53 2.53 0.20 0.33 I 0.60 44 9.1

1
mea n ( I 7.31 4 . 31 I 2 . 40 . 14 . 45 ! o . 3(J 4& I 6 . 5

1

I I
I # I
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Appendix 8

Mean Blood Counts at Various Times After Exposure

(a) Exposed Rongelap (175 rad group)

Neutrophila Lymphocytes Platelets Hematocrit RBC
(XR:3) (X1O-3) (X1O-4) % (x1o-6)

Male Male Female Tota1 Male Male Female Male Male Fema1e
Postexposure Day <5 >5 -=3 3 <5 >5 <lo >10 All Ages Group <15 ~15 All Ages <15 ~15 All Ages

8

I

3
7

10
12
15
18
22
26
30
33
39
43
47
51
56
63
70
74

6-mo survey
l-yr survey
2-yr survey
3-yr survey
4-yr survey
5-yr survey
6-yr survey
7-yr survey
8-yr survey
9-yr survey
10-yr survey
11-yr survey
12-yr survey
13-yr survey
14-yr survey
15-yr survey

6.2 6.4
;:; 6.2 ---
6.6 7.1 3.5
5.9 6.3 3.5
5.9 6.5 3.2
6.7 7.2 3.4
7.0 7.4 4.3
5.7 6.1 3.o

7.6 7.8 ;.;
6.5 6.2 .
5.7 5-5 :.:
5.2 5.2 .
5.9 5.8 2.6
6.7 5.6 2.6
7.0 6.o 3.5
7.7 6.o 3.9
7.6 6.5 3.8
------ ---

8.5 6.6 4.6
10.1 8.1 4.7
11..8 8.6 5.9
8.6 6.9 4.1
8.9 7.5 3.3
13.5 9.5 6.9
---- 6.5 ---
---- 7.4 ---
---- 6.9 ---
---- 7.4 ---
---- 8.2 ---
---- 7.4 ---
---- 6.8 ---
---- 7.2 ---
---- 7.0 ---
---- 6.5 ---

4.7
---

4.5
3.9
4.1
4.7
5.0
3.9
5.3
3.8
3.3
2.6
3.3
3.5
3.5
3.6
4.0
---

4.2
4.8
4.8
3.7
3.4
4.8
3.5
3.9
3.6
3.7
3.8
3.7
3.6
3.7
3.8
3.0

1.8 2.2
--- -..

2.6 2.1
2.1 1.7
2.4 1.9
2.4 2.1
2.6 2.1
2.3 1.8
3.2 2.1
3.2 2.0
2.6 2.0
2.9 2’.3
3.1 2.4
3.4 2.1
3.7 2.4
3.7 2.3
3.3 2.2
------

3.6 2.2
4.6 2.8
4.7 3.1
3.7 2.7
4.6 3.6
6.0 4.0
--- 3.7
--- 2.9
--- 2.6
--- 3.0
--- 3.5
--- 3.0
--- 2.5
--- 2.8
--- 2.6
--- 3.0

----
-...
28.2
----

27.1
21.8
16.8
13.2
14.1
17.9
29.5
26.8
24.6
22.1
----,

23.1
----

26.2

24.4
26.6
30.0
32.0
32.5
32.3
----
----
----
----
----
----
----
----
----
----

----
----
22.7
----

21.3
19.1
14.6
12.9
12.3
16.6
22.0
20.9
20.6
17.5
----

18.2
----

21.7

20.3
19.5
21.4
22.1
27.1
24.4
----

24.6a
32.8b
23.lc
32.8
26.3
----

22.9
----

15.9*

*Counted electronically with Coulter counter Model F.

----
----
24.9
----

21.7
21.8
15.2
10.9
11.8
15.1
22.4
23.2
23.9
21.2
----

20.2
----

24.7

23.2
27.6
25.5
28.1
30.8
27.6
----

27.3
32.1
28.4
37.2
28.5
-e-.

25.1
----

19.1

-...
----
24.8
----

22.5
21.0
15.3
11.9
12.3
16.0
22.8
23.2
23.1
20.3
----

20.1
...-

24.1

22.6
24.9
24.7
----
----
----
----
----
---
----
----
----
----
...-
----
----

.-..
----
----
----
----
----
37.5
36.3
37.9
37.4
37.8
37.3
39.0
----
....
----
----
...-

38.0
37.5
38.7
35.6
35.6
----
----

37.6
38.5
39.1
40.4
39.9
38.8
41.4
41.5
----

----
----
----
----
----
----
43.9
41.6
42.2
42.2
42.4
41.8
43.4
----
----
----
----
----

41.7
41.1
41.2
38.7
41.0
----
....

41.7
43.0
43.7
43.5
44.0
42.7
44.5
45.7
46.2

----
----
----
----
----
----
39.0
37.5
37.1
36.8
37.4
37.6
38.3
----
. ..-
----
----
----

38.2
36.9
38.1
35.4
35.8
----
----

37.0
39.3
38.4
39.3
37.7
38.3
40.0
39.1
39.9

----
----
----
----
----
----
. ..-
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
4.45
----

4.54
4.68
4.29
----

4.65
----

3.84
----
----

----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
4.71
----

4.45
4.67
4.38
----

4.60
----

4.52
----

4.26

----
----
----
----
----
----
----
. ..-
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
4.21
----

4.11
4.44
4.12
----

3.94
----

4.00
----

3.66



(b) Ailin8.ae &oup (69 rad)

Neutrophils Lymphoc tes Platelets
(xR~3) (X1O-3) -3(Xlo ) (X1O-4) Hemstocrit R8c

z (x1o-6)

mle Msle Femsle Total
Postexposure day

Male Male Ferns1e Male Male Ferns1e
<5 >5 r5 >5 <5 >5 <10 >10 all agea Group <15 >15 all ages 415 >15 all agea

3 6.0 7.0 3.0 5.0
7 5.5 6.8 --- ---

10 6.3 7.3 4.2 4.2
12 6.3 7.6 1.8 4.7
15 7.1 7.0 2.3 4.5
18 6.8 7.8 2.9 5.0
22 8.9 8.7 5.3 5.4
26 8.4 7.0 4.8 4.4
30 9.6 8.6 5.3 6.2
33 7.7 7.8 3.3 5.2
39 7.5 6.2 2.9 4.2
43 6.9 6.5 2.7 3.6
47 7.3 6.7 3.5 3.8
51 8.4 6.3 3.8 3.6
54 4.6 6.3 2.8 3.5

6 mo survey 7.7 6.5 4.8 3.9
l-yr survey 11.1 7.8 4.2 4.7
2-yr survey 11.O 9.1 4.9 5.1
3-yr survey 12.1 7.0 5.5 3.9
4-yr survey 11,5 7.5 2.8 3.7
5-yr survey ---- 9.7 --- 5.1
6-yr survey ---- 7.3 --- 3.6
I-yr survey ---- 7.7 --- 4.1
8-yr survey ---- 6.5 --- 3.4
9-yr survey ---- 7.1 --- 4.0

10-yr survey ---- 7.5 --- 3.6
11-yr survey ---- 7.1 --- 3.8
12-yr survey ---- 6.2 --- 3.3
13-yr survey ---- 6.4 --- 3.0
14-yr survey ---- 5.6 --- 3.8
15-yr survey ---- 5.8 --- 3.2

2.8 2.2
-- - -- -

1.9 2.2
3.1 2.2
4.2 2.2
3.5 2.4
2.7 2.9
3.2 2.2
3.7 2.0
3.5 2,2
4.7 1.9
3.9 2.7
3.4 2.7
4.0 2.2
3.2 2.5
2.7 2.2
6.5 5.6
4.8 3.2
5.6 2.6
7.0 3.3
--- 3.7
--- 3.0
--- 3.1
--- 2.6
--- 2.4
--- 3.1
--- 2.7
--- 2.3
--- 2.9
--- 2.2
--- 2.2

----
----
22.5
----

29.0
27.5
23.5
20.0
19.5
24.0
26.5
28.0
27.0
32.0
37.0
25.2
38.7
51.2
40.8
33.2
40.9
----
----
----
----
----
----
----
----
----
----

----
----
22.6
----

20.2
21.7
17.0
13.8
12.8
15.8
20.8
19.6
20.0
18.2
19.8
19.2
21.4
17.4
22.4
24.7
26.3
----

25. 6a
33.4b
23.5C
32.4
33.5
----

20.7
----

17.2

----
----
20.9
----

24.6
24.9
22.9
17.4
18.2
22.7
27.0
25.3
26.1
25.0
23.8
23.9
28.3
26.4
31.2
33.6
26.8
----

28.1
32.7
23.6
41.5
34.7
----

22.8
----

21.4

. ..-
----
21.5
----

23.9
24.3
21.3
16.7
16.8
17.6
25.2
24.0
24.5
23.9
24 ~

22.7
27.5
26.7
----
----
----
----
----
----
----
,----
----
----
----
----
----

- -- - -- --
.---- ---
-. -- --- -
---- ----
- --- ----
----- ---
37.5 43.7
36.5 43.2
36.0 44.6
35.5 43.8
35.0 45.6
36.0 45.2
---- 46.5
----- ---
----- ---

37.5 40.1
33.0 44.6
35.7 44.4
37.5 40.6
36.1 43.1
--------
---- ----

36.0 44.2
37.0 42.5
36.0 44.0
37.0 43.0
37.5 46.0
38.5 44.2
36.0 43.6
38.0 46.5
---- 45.0

---- ----
---- ----
---- ----
---- ----
---- ----
---- ----
39.2 ----
36.8 ----
36.7 ----
37.3 ----

37.4 ---~
36.8 ----
40.2 ----
---- ----
---- ----

37.3 ----
36.2 ----
37.5 ----
35.6 ----
35.7 ----
---- 4.46
--.- ----

37.0 4.56
37.8 4.51
38.3 3.77
38.3 ----
37.6 4.33
37.8 ----
36.5 3.84
39.3 ----
35.6 ----

----
----
----
----
----
----
----
----
----
----
----
----
----
----
. ..-
----
----
----
----
----
5.15
----

5.11
5.12
4.69
----

5’09
----

4.98
----

4.67

----
. . . .
----
. ..-
----
----
----
----
----
----
----
. . . .
----
. ..-
----
----
----
----
----
----
4.31
----

4.19
4.35
4.10
----

4.11
..-.

4.14
----

3.59



(c) Unexposed Rongelap Controls

Majuro controls
Rita cont. 6 mo.
Rita cont. 1 yr
Rita cont. 2 yr,

w Rong. cent 3 yr

2 Rong. cent 4 yr
Rong. cent 5 yr,
Rong. cent 7 yr
Rong. cent 8 yr
Rong. cent 9 yr
Rong. cent 10 yr
Rong. cent 11 yr
Rong. cent 13 yr
Rong. cent 15 yr

13.2
10.7
----

14.0
9.8
11.2
13.7
-...
-...
----
----
----
----

aincludes all males ~97.

9.7 4.8 4.8 7.4 4.1 41.2
7.6 5.4 5.2 4.7 3.7 35.0
--- --- ... --- .-. 37.5
8.9 7.0 4.4 5.6 3.6 35.5
6.9 4.0 3.4 4.7 2.9 32.6
8.0 4.0 3.6 6.2 3.7 38.8
10.1 6.2 5.2 6.2 4.1 35.8
7.8 --- 4.2 --- 3.1 ----
7.7 --- 4.2 --- 2.9 ----
7.7 --- 3.9 --- 3.1 ----
9.1 --- 4.8 --- 3.5 ----
7.3 --- 3.9 --- 2.8 ----
7.3 --- 3.9 --- 2.7 ----
6.6 --- 3.1 --- 2.9 ----

25.8
27.3
24.5
24.2
26.9
30.7
28.0
28.5a
34.8b
29.lC
35.4
28.1
25.8
)7.1

36.5
30.9
29.4
31.2
30.0
34.0
33.6
31.4
34.5
32.5
37.9
28.3
26.0
20.7

b
Includes all males M.

33.4 39.6
30.4 ----
27.6 ----
29.5 38.9
---- 35.6
---- 35.5
.... ....
---- 37.2
---- 38.3
--- 39.4
---- 37.4
.... 39.6
---- 39.8
--------

46.0
----
----
42.1
41.0
42.8
----

44.4
44.1
43.8
44.1
44.4
44.3
46.7

39.9 ---- ----
---- ---- ----
---- ---- ----
39.8 ---- ----
35.9 ---- ----
35.1 ---- ----
---- 4.60 4.80
37.0 4.52 4.68
39.0 4.60 4.90
38.3 4.33 4.50
38.3 ---- ----
37.6 4.65 4.71
39.0 4.26 4.43
39.9 ---- 4.36

cIncludes all malea

----
----
----
----
----
----
4.40
4.12
4.47
4.13
----

4.14
4.04
3.76



(d) Lltirik Gro,lp (14 rad)

WBc Neutrophils Lymphoc tes
-3 ,P’:::::t’

Hematocrit RBC
(X1O-3) (X1O-3) (x10 % (x1o-6)

Male Male Female Total Male Male Female Male Male Female
Postexposure Day a >5 <5 >5 <5 >5 <lo >10 All Ages Group <15 >15 All Ages E~5 >15 All Ages

4 9.4 8.2 4.7 4.2 4.9 3.2 ---- ---- ---- ---- ---- ---- ----
14 10.0 8.6
19 -------

29 10.1 9.7
3-yr survey 9.8 6.9
9-yr survey ---- 7.6
12-yr survey ---- 8.1
15-yr survey ---- 7.5

*Includes all males >9

WBC

m
Age

<13(1967) 9.9

<15(1969) 9.8

z13(1967) 8.7

<15(1969) 9.5

4.1 3.2 5.1 2.9 ---- ---- ---- ----
--- --- --- --- 38.9 28.1 35.6 ----
4.9 5.8 4.8 3.2 34.5 25.6 31.7 ----
4.0 3.4 4.7 2.9 32.6 26.9 30.0 ----
..- 3.9 --- 3.0 ---- 35.6* 38.9 ----
--- 4.5 --- 3.0 ---- ---- ---- ----
--- 3.8 --- 3.2 ---- ---- ---- ----

---- ---- ----
39.9 ---- ----
39.9 45.1 39.4
35.6 41.0 35.9
37.9 42.4 37.7
39.8 45.1 39.9
---- 45.5 39.5

(e) Children

A- Parent or Parents Exposed*

Neutrophils Lymphocytes Platelets
(X1O-3) ~lo-3) (xlO-L)

Male Female

4.7 +, 1 32.6 36.3

3.9 4.9 22.4 23,8

B- Parents Not Exposed

3.9 3.6 36.2 34.7

4.4 4.0 24.9 23.2

Hematocrit
7.

Male Female

37.6 36.4

38.4 37.9

35.3 35.9

36.6 37.4

----
----
----
----
----
4.42
----
----

----
----
----
----
----
4.39
----
----

----
----
----
----
----
4.12
----
----

RBC
(Xlo-6,

Male Femate

4.14 4.08

4.05 3.91

4.06 4.07

3.93 3.92

*Rongelap and Ailingnae Group only.


